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STEEPNESS OF APPROACH AND AVOIDANCE GRADIENTS 
IN HUMANS AS A FUNCTION OF EXPERIENCE: 
THEORY AND EXPERIMENT? , 


SEYMOUR EPSTEIN axb WALTER D. FENZ? 


University of Massachusetts 


33 experienced and 33 novice parachutists rat 
avoidance feelings at different points in time precedin, 
For the novice parachutists, self- 


shortly before the jump, 
self-rated avoidance increased up to 


parachute jump. 
increased up to a point 
For the experienced parachutists, 


decreased to the jump, 


ed their approach and 
g and following a 
rated avoidance 
and then decreased. 


and increased after the 


the morning of the jump, 
d that with experience the point of greatest 


jump. It was conclude 


anxiety is displaced backward in tim 

ted w 
2 developments take 
and the development of a gradi 
he steeper slope. 


a miniature theory was presen 
exposure to threat, 
gradient of anxiety 
anxiety, the latter having t 


ovides an un- 
investigating 
hu- 


Sport parachuting pr! 
usual opportunity for 
approach-avoidance conflict in 
mans under intensely ego-involving 
circumstances. , Observation of in- 
experienced parachutists suggests that 
for them the gradient of avoidance is 
steeper than the gradient of approach. 
The enthusiasm exhibited some time 
before the jump is seen to gradually 
wane and is replaced on the day of the 
jump with fear and uncertainty. ; Such 
is not the case with experienced jump- 


1 This paper was presented, in. part, at the 
American Psychological Association Conven- 
tion in 1963. The study was supported by 
Grant MH-01293 from the National Institute 
of Mental Health, United States Public 
Health Service. 


? Now at the University of Waterloo. 


e. Toaccount for this phenomenon, 
hich assumed that with continuous 


place, à heightening of the 
ent of inhibition of 


ers, who appear to become increas- 
ingly eager to jump as the time of the 
anticipated jump approaches. This 
would suggest that for experienced 
the gradient of approach is 
steeper than that of avoidance. The 
present study attempts to verify the 
above observations by obtaining rat- 
ings of fear of, and desire to jump as 
a function of the sequence of events 
leading up to, and following, a jump. 


jumpers 


METHOD 


The Ss consisted of 33 inexperienced and 33 
experienced sport parachutists. The former 
had made between 1 and 5 jumps, and the 
latter over 100 jumps. Shortly after a jump, 
Ss were asked to rate the strength of their 
approach and avoidance feelings at each of 
the following points in time: (1) last week, 
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(2) last night, (3) this morning, (4) upon 
reaching the airfield, (5) waiting to board the 
aircraft, (6) getting strapped, (7) boarding 
the aircraft, (8) during ascent in the plane, 
(9) at the “ready” signal, (10) stepping out- 
side onto the step above the wheel of the 
plane, (11) waiting for the signal to jump, 
(12) freefalling, (13) after the chute has 
opened, (14) immediately after landing. Ap- 
proach was defined as "looking forward to the 
jump, wanting to go ahead, being thrilled 
at the prospect of jumping"; avoidance as 
"wanting to turn back and call the jump off, 
questioning why you ever let yourself get into 
jumping, fear." 

The Ss were told to try to keep their rat- 
ings of approach and avoidance independ- 
ent from each other as possible. To this end 
it was pointed out that they could feel both 
frightened and intrigued with jumping at the 
same time, and that it was important in 
rating approach to consider only the attri- 
butes of approach, and to do the same for 
avoidance. 

Following this, Ss were instructed to select 
the point of strongest approach and assign it 
a value of 10, and then to select the point of 
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weakest approach and assign it a value of 1. 
Having defined the range of their responses, 
they were told to rate cach of the other points 
in a relative manner. They were instructed 
to use the same number more than once to 
designate points of equal intensity. Following 
ratings of approach, ratings of avoidance were 
made in a corresponding manner. It should 
be noted that the procedure for rating that 
was employed provides. information only on 
the relative strength of approach or avoidance 
at the different points in time, and provides 
no basis for inferring absolute magnitude. 


RESULTS 
Novice Parachutists 


In Fig. 1 it can be seen that self- 
ratings of approach and avoidance are, 
to a large extent, inverted replicas of 
each other. Apparently, it was not 
possible for Ss to keep the two ratings 
independent. Self-ratings of approach 
are relatively high at Point 1, 1 wk. 
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JUMP 


SEQUENCE 


Fic. 1. Mean self-ratings of approach and avoidance for inexperienced parachutists 
as a function of a sequence of events leading to and following a jump. 
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before the jump, and fall off until 
shortly before the jump, after which 
they again rise. The converse holds 
for self-rated avoidance? It is par- 
ticularly noteworthy that the point 
of maximum avoidance corresponds to 
the ready signal at Point 9 and not to 
the goal act at Point 12, which is the 
moment of greatest danger, immedi- 
ately preceding the opening of the 
chute. 

An analysis of variance of the data 
represented in Fig. 1 would result in a 
spuriously high interaction between 
the time dimension and the approach 
and avoidance ratings, because the 
curves are largely equivalent but 
opposite forms of each other. An 
analysis of variance of each curve 
separately, on the other hand, would 
reduce reliability by eliminating half 
the data. A solution is provided by 
reversing one of the scales. Not only 
does this permit both sets of ratings to 
be pooled, but it allows for a determi- 
nation of whether there is an inter- 
action between the two scales and the 
time dimension. lí such is the case, 
it establishes a degree of independence 
between the two kinds of ratings. 


3 The observation that self-ratings of 
avoidance are greater than of approach at the 
time of the jump may appear to present a 
problem, as the parachutist, after all, does 
jump. The problem is more apparent than 
It will be recalled that the scales of 
avoidance yielded relative 
ratings on à 10-point scale within each 
dimension, thereby requiring as many ratings 
of approach to be higher than avoidance as 
the reverse. Furthermore, as has been 
pointed out, the two kinds pde ge cl 
sent, for the most part, two ways of stating 
the same information. Accordingly, absolute 
differences between the T sets of ratings 
ca e taken at face value. : 

por € of independence is found, 
it does not, of course, invalidate the iem 
tion that self-ratings of approach and eua 
ance represent, to à predominant degen, : 
Single feeling state. Inspection of Fig. 1 a ^ 
makes it apparent that the two dimensions, 


real. 
approach and 


Figure 2 presents curves for self- 
rated avoidance and for self-rated 
approach, the latter with the scale 
reversed, and referred to as "inverse 
approach." An F value of 41.39, 
significant at the .001 level, is obtained 
for the differences among the means 
of the pooled ratings of avoidance and 
inverse approach as a function of the 
time dimension (see Table 1). The 
failure of the Ss X T interaction to 
reach significance indicates that the 
curve form is consistent among indi- 
viduals except for deviations within 
chance expectancy. Of the 33 novice 
jumpers who took part in the experi- 
ment, 30 rate approach as greater a 
week before the jump than during the 
free fall, and corresponding results are 
obtained for self-ratings of avoidance. 

Examination of the curves of avoid- 
ance and inverse approach in Fig. 2 
reveals that they differ from each 
other in a systematic manner. From 


pooled across Ss, are almost perfectly in- 
versely related. 

It is important to keep in mind when 
evaluating the results of the analyses of 
variance that it is the pooled gradients of 
avoidance and inverse approach rather than 
the difference between them, i.e., the inter- 
action, that is of primary interest. This 
is because self-ratings of approach and 
avoidance do not yield independent gradients 
of approach and avoidance, but are, by and 
large, two ways of reporting the same feeling, 
which, as will be seen later, can be viewed as 
a single net effect derived from independent 
hypothetical gradients of approach and 
avoidance. The major conclusions of the 
study would not be altered if only one of the 
sets of self-ratings were retained. This is not 
to say that differences between the curves of 
self-rated avoidance and inverse approach are 
of no importance, but to caution the reader 
against assuming that they are the major 
source of inference about the relative steep- 
ness of the hypothetical gradients. Such an 
error would be an easy one to make, as the 
forms of the curves of avoidance and inverse 
approach in Fig. 2 are similar in appearance 
to goal gradients of approach and avoidance 
as represented by Miller (1959). 
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JUMP SEQUENCE 


Fic. 2. Mean self-ratings of avoidance and inverse approach for inexperienced parachutists 
as a function of a sequence of events leading to and following a jump. 


1 wk. before the jump (Point 1) to 
the ready signal (Point 9), the 
increase in self-rated avoidance is 
greater than the increase in inverse 


TABLE 1 


ANALYSIS OF VARIANCE FOR INEXPERIENCED 
PARACHUTISTS ON SELF-RATINGS OF 
AVOIDANCE AND INVERSE 


APPROACH 
Source df MS F 
Between Ss 32 pas 
Total within Ss 891 end ina 
Avoidance vs. inverse 
approach (A) 1| 23.71 1.85 
SsXA 32| 12.84»| 3.13*** 
Time sequence (T) 13 | 252.04 | 41.39*** 
Ss XT 416| 6.092| 149 
AXT 13| 723 | 177* 
SsxAXT 416| 4.070 
a Error term for MSs above it up to the next error 
AXT ti i 
b «.05. 
*X* 5 < .001. 


approach. From the ready signal on, 
the decrease in self-rated avoidance is 
greater than the decrease in inverse 
approach. The avoidance ratings, 
thus, tend to vary more sharply as a 
function of the time dimension than 
the approach ratings. This con- 
clusion is supported by a significant 
A X T interaction in Table 1. 

Separate analyses of variance for 
the ascending and descending por- 
tions of the curve in Fig. 2 indicate 
that in both cases the pooled gradients 
of avoidance and inverse approach are 
significantly related to the time di- 
mension at the .01 level. While 
inspection reveals that avoidance 
tends to be steeper than approach for 
both portions of the curve, the inter- 
action between kind of rating and 
time dimension is significant only for 
the ascending portion. 
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Experienced Parachutists 


Figure 3, like Fig. 1, is divided at 
two points, one corresponding to the 
point of greatest avoidance, and the 
other to the goal act and point of 
greatest objective danger. Thereisan 
increase in self-rated avoidance (or 
conversely, a decrease in self-rated 
approach) up to the morning of the 
jump, followed by a more protracted 
decrease in self-rated avoidance (and 
a corresponding increase in selí-rated 
approach) up to the goal act, and 
finally an increase in self-rated avoid- 
ance (or decrease in self-rated ap- 
proach) after the goal act. Opposite 
to the findings for novice parachutists, 
self-rated approach is higher (and 
self-rated avoidance correspondingly 
lower) at the time of the jump than 


EXPERIENCED 


early in the sequence. This phenom- 
enon is associated with a shift in the 
peak of self-rated avoidance for the 
experienced jumpers to an earlier 
point on the time dimension than for 
the inexperienced jumpers. It is note- 
worthy that after the goal act, the 
experienced jumpers report an in- 
crease in avoidance. 

Figure 4 presents the curves of self- 
ratings of avoidance and_ inverse 
approach for experienced parachutists. 
An F value of 65.58, significant at the 
.0001 level (see Table 2), is obtained 
for the combined ratings as a function 
of the time dimension. Twenty-nine 
out of 33 experienced jumpers report 
that approach is greater during the 
free fall than on the morning of the 
jump, and corresponding results are 
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Mean self-ratings of avoidance and inverse approach for experienced parachutists 


as a function of a sequence of events leading to and following a jump. 


obtained for self-ratings of avoidance. 
Individual differences in curve form 
do not approach significance, as 
indicated by an 7 value of 0.93 for the 


TABLE 2 


ANALYSIS OF VARIANCE FOR EXPERIENCED 
PARACHUTISTS ON SELF-RATINGS OF 
AVOIDANCE AND INVERSE 
APPROACH 


Source df MS F 


Between .Ss 32 e 
Total within Ss gor | 209 [27-12 
Avoidance vs. inverse 

approach (A) 


1| 24.03 1.65 
Ss XA 32| 14.54*| 3299 
Time sequence (T) 13 | 265.14 |63.58*** 
Ss X I 416 4.178 .93 
AXT . 13 | 13.92 | 3 14*** 
SSXAXT 416 4.438 


^ Error term for MSs above it up to th, 
term. The Ss XA XT interaction was eed Q5 
evaluate all other error terms. m 
*p «.05. 
ee p < 001, 


Ss X T interaction. The interaction 
between the time dimension and the 
two kinds of ratings is significant at 
the .01 level, indicating a degree of 
independence between approach and 
avoidance ratings. 

Inspection of Fig. 4 indicates that 
in all three periods, the self-ratings of 
avoidance produce steeper gradients 
than inverse approach. An analysis 
of variance confined to the data pre- 
ceding the peak of self-rated avoid- 
ance indicates that the pooled ratings 
of avoidance and inverse approach 
vary reliably over the time dimension, 
and that the slope of the gradient of 
avoidance is reliably steeper than the 
slope of the gradient of inverse ap- 
proach. An analysis of the period 
from the peak of self-rated avoidance 
to the goal act produces corresponding 
results, although here both gradients 
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are falling. Analysis of the postaction 
period indicates that while the rise 
in the pooled ratings of avoidance and 
inverse approach as a function of the 
time dimension is highly reliable, the 
two curves are not reliably different 
from each other. Nevertheless, as was 
the case for inexperienced jumpers, 
there is a tendency for avoidance ra- 
tings in all periods to vary moresharply 
as a function of time than inverse ap- 
proach ratings, and, therefore, than 
approach ratings. 

Table 3 summarizes the results of an 
analysis of variance in which inex- 
perienced and experienced parachut- 
ists are both included. The main 
eflect for groups is not significant, 
indicating that thev do not differ in 
rating style. The interaction between 
groups and the time dimension yields 
an F value of 87.06, which indicates 
that the difference in the curve form 
for the two groups is highly reliable. 
At the same time, individual differ- 
ences within groups in curve form (see 


TABLE 3 


ANALYSIS OF VARIANCE FOR [NEXPERIENCED 
AND E) IENCED PARACHUTISTS ON 


SELF-RATINGS OF AVOIDANCE 
AND INVERSE APPROACH 
Source df MS B 
Total between Ss 65 P 
ips (G) 1] 161.91 | 12.17** 
can 64 | 13:309 | 3.13" 
Total within Ss 1782 
Avoidance VS. in 
i acn 
apps 1| 47.73 | 348 
GXA 1 .001 
Ss x A/G 64 | 13.69* 32277 
Time sequence (T) | 13) 440.00 |87.05""* 
AXT 13| 10.87 | 2.56* 
Ss X T/G 832 5,13* 121. 
GXAXT 13| 10.28 | 2.42 
Ss X Ax T/G 832 
oo SS 


< above it up to the 
? Error term for mean squares 2207 ) ne 
next error term. The Ss X A X T/G interaction was 
used to evaluate all other error terms: 
wl? «05. 
$ «.001. 


is 


source of variance Ss X T/G) do not 
approach significance, attesting to a 
high degree of uniformity in the form 
of the curve when experience is held 
constant. 


Discussion 


It was found that self-ratings of ap- 
proach and avoidance, rather than rep- 
resenting independent processes, were 
largely inverted replicas of each other. 
As it is necessary to assume separate and 
opposed processes for conflict to exist, 
and as there is no question but that 
parachuting provides an acute conflict 
for the novice parachutist, it is necessary 
to infer hypothetical gradients of ap- 
proach and avoidance of which the self- 
ratings are a net effect. According to 
Lewin's (1946) and Miller's (1959) 
models of conflict, independent gradients 
of approach and avoidance should both 
rise as a function of decreasing time to 
the goal, with the avoidance gradient 
rising more steeply than the approach 
gradient. The obtained results for the 
novice parachutists, with self-rated ap- 
proach (or self-rated avoidance) treated 
as a net effect, are in accord with such an 
assumption, as in order for net approach 
to be high at a time remote from the 
jump and low at a time close to the 
jump, the hypothetical gradient of 
avoidance would have to be steeper than 
the hypothetical gradient of approach.’ 
The hypothetical gradients as presented 
in Fig. 5 do not intersect, as the para- 
chutist does jump, and it is necessary 
to represent approach as greater than 
avoidance at the goal. Figure 6 presents 
the net differences as derived to scale 
from Fig. 5. It is apparent that with 


5 The reasoning here is no different from 
that used to infer a steeper gradient of 
avoidance than approach when it is noted in 
a conflict situation that a child (Lewin, 1946) 
or rat (Miller, 1959) makes stronger approach 
responses at a distance than when close to a 
goal. If we may take the liberty of anthropo- 
morphizing for a moment, Miller’s rats, could 
they report their feelings in a manner con- 
sistent with their behavior, would reproduce 


the data of our parachutists. 


SEYMOUR EPSTEIN AND WALTER D. FENZ 


- 
- 
47 
- 
Pac 
or" 


ES 
N 
oe 
> 


NET APPROACH 


STRENGTH OF DRIVE ——~ 


———————— Goat 


NEARNESS TO GOAL 


Fic. 5. Hypothetical gradients of ap- 
proach and avoidance as a function of time 
to the goal in a conflict situation where the 


goal is reached in the absence of external 
restraint,’ 


increasing nearness to the goal, net 
strength of approach steadily diminishes. 
While the theoretical formulation rep- 
resented by Fig. 5 and 6 adequately 
accounts for the general finding of a 
decrease in self-ratings of approach as 
the goal act is approached, it fails to 
account for the decrease in the avoidance 
ratings shortly before rather than im- 
mediately after the goal point. This 
phenomenon requires additional as- 
sumptions, which can best be presented 
in the discussion of the experienced 
parachutists. 

For the experienced parachutists, self- 
ratings of approach are greater (or 
conversely, self-ratings of avoidance 
weaker) at the goal point than at a more 


“It will be noted that the ordinate is 
labeled as drive, rather than as strength of 
disposition, as Miller 
ned as a directed force, 
separate measurable components of 
tion, the latter measurable 
a ey La arousal, such as 

7 so defi 
related to Hull's (1943) aioe ee 
than to his concept of drive, and is similar to 
Lewin's (1946) concept of v è 
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total activation from hypothetical et ms 
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are added disregarding algebras dra enta 
derive net approach strength the ails 5s 
are added considering algebraic sign (F. a 
a more detailed presentation of th a us 


e the i 
approach, see Epstein, 1962.) areni 


remote time from the jump. Thus, for 
them, the data might appear to suggest 
that the hypothetical gradient of ap- 
proach is steeper than the hypothetical 
gradient of avoidance. Such a state of 
affairs would have obvious adaptive 
advantages, as anxiety would auto- 
matically alert the parachutist well in 
advance of the potentially dangerous 
event, and be relatively low at the time 
of the jump. However, there are several 
reasons for favoring an alternate inter- 
pretation which assumes that the hy- 
pothetical gradient of avoidance is 
steeper than that of approach, and adds 
further assumptions. One difficulty with 
the first explanation is that it cannot 
account for the highly reliable early rise 
in self-rated avoidance (or corresponding 
drop in self-rated approach) for the ex- 
perienced parachutists before the more 
protracted decline (see Fig. 3 and 4) to 
the goal point. Secondly, the assump- 
tion that the hypothetical gradient of 
approach is steeper than that of avoid- 
ance is inconsistent with the findings 
on self-rated avoidance and inverse ap- 
proach. In three out of five comparisons 
self-ratings of avoidance were reliably 
steeper than of inverse approach, and in 
the other two cases the results were in the 
same direction. Thus, while it was con- 
cluded that the two ratings measure 
predominantly one feeling, to the small 
extent that an independent component 
is involved it supports the conclusion 
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that the hypothetical gradient of avoid- 
ance is steeper than that of approach. 
Thirdly, the first explanation is of no use 
in accounting for the finding that the 
peak of self-ratings of avoidance for 
inexperienced. jumpers precedes rather 
than coincides with the goal point, while 
the alternate theory is able to do so, 
using the same set of assumptions that 
account for the yet earlier peaking of the 
self-ratings of avoidance for experienced 
jumpers. Finally, the second theory has 
greater integrating power than the first 
in accounting for findings reported by 
others. 

The considerably earlier peak of self- 
rated avoidance for the experienced than 
the inexperienced parachutists is con- 
sistent with findings in an earlier study 
of parachutists (Epstein, 1962; Epstein 
& Fenz, 1962) which used superficially 
different techniques, but of conceptual 
relevance to those in the present 
study. In the earlier work, GSR and 
reaction. time were investigated as a 
function of a cue dimension of words 
related to parachuting embedded in a 
word-association test. On a control day, 
2 wk. before a jump, experienced and 
novice parachutists could not be dis- 
tinguished from each other, both produc- 
ing monotonic gradients of similar slope 
on both dependent variables. On the day 
of a jump, however, experienced para- 
chutists produced inverted v-shaped 
curves, while novices simply produced 
steeper monotonic gradients. With in- 
creasing experience, the peak of the 
inverted v was found to advance toward 
the remote end of the dimension. Tested 
repeatedly after different amounts of 
*xperience, all individuals demonstrated 
the same developmental pattern, al- 
though they differed in their rate of 
Peaking back. As an example of an 
Individual developmental pattern, Fig. 7 
is presented, A theoretical explanation 
Was offered which assumed that the 
Own-turn on the inverted V is i 
consequence of an inhibitory PEE 
eves to keep anxiety WHY ^ peaking 

Ve limits. The progressive P UA. 
ue Was accounted for by apris twò 

h repeated exposure to (rean 
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gradients develop, one based upon the 
generalization of conditioned anxiety, 
and the other upon learned inhibition of 
anxiety, the latter with steeper slope (see 
Epstein, 1962, for a more detailed pres- 
entation of the theory). In order to 
apply the theory to the present data, it 
is only necessary to substitute a time 
dimension for a cue dimension and rat- 
ings of fear and avoidance for a physio- 
logical measure. The finding that the 
peak of self-rated avoidance for novice 
parachutists precedes the goal act by 
a small amount can be explained by 
considering that the novices have had 
some experience, in training, in identify- 
ing with other jumpers, and in having 
made one to five jumps. Thus, the same 
process which produces a marked effect 
in the experienced jumpers, is presumed 
to produce a limited effect in the novices. 

It should be noted that the theoretical 
formulation as presented above does not 
follow Hull's (1943) or Miller's (1959) 
views on conflict. One of the major 
differences is that we are postulating two 
levels of inhibition, one consisting of a 
hypothetical avoidance gradient which 
inhibits a hypothetical approach gra- 
dient, and the other of an inhibitory 
gradient which inhibits the hypothetical 
avoidance gradient. Thus, a concept of 
a hierarchy of inhibition is introduced 
in place of the single-factor inhibition 
theory of Hull and Miller. Such a con- 
ceptualization is necessary to account 
for the appearance of inverted v-shaped 
curves of avoidance in place of monotonic 
gradients. It is assumed that inhibitory 
gradients, as higher-order responses, are 
steeper than the gradients they inhibit, 
and that this relationship serves to free 
higher-order thought processes from pri- 
mary stimulus generalization. This for- 
mulation differs from Miller's in that 
Miller assumes a dichotomy between 
higher- and lower-order processes, while 
the present position assumes a continuum 
based upon a chaining of inhibitory 
gradients of increasing slope. 

It may be questioned as to whether 
it is indeed possible to inhibit anxiety. 
While the mechanism is not evident and 
deserves investigation in its own right, 
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for individual lability and mean reactivity as evaluated by responses to control stimuli [from Epstein, 1962.) 
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it is assumed that the inhibition of 
anxiety is similar to the inhibition of 
other autonomic responses which can 
often be delayed until an appropriate 
time and place for their expression are 
available. Such responses include vomit- 
ing, voiding, ing, and fainting from 
physical exhaustion. Very likely what is 
involved is the production of responses 
incompatible with the inhibited response, 
or the in- 


ie., distracting responses, 
hibition of goal-oriented responses, in- 
cluding those involved in perception, 
thought, and imagination. Whatever 
the mechanism, there is considerable evi- 
dence that anxiety can be inhibited. 
Thus, in the present study, the increase 
in self-rated avoidance following the goal 
act for the experienced, but not the 
novice, parachutists is consistent with 
the assumption that inhibited anxiety 
was released when inhibition no longer 
served a purpose. In this respect it will 
be recalled that the early peak of self- 
rated avoidance for the experienced 
jumpers was interpreted as resulting from 
a protracted period of inhibition before 
A similar release of in- 


the goal act. 
a study by 


hibited anxiety was noted in 
Basowitz, Persky, Korchin, and Grinker 
(1955), where it was found that army 
paratroopers produced an unanticipated 
rise in anxiety some time after a stressful 
training period. Ina study in progress 
on dreams we are finding that parachut- 
ists almost never report an anxiety dream 
immediately before a jump, but do so 
some time after the jump. In investiga- 
tions of parachutists' reactions to word- 
association (Epstein & Fenz, 1962) and 
TAT -like tests (Fenz & Epstein, 1962) 
Containing built-in stimulus dimensions, 

novice parachutists 


it was found that : st 
on the day of a jump failed to perceive 
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denied fear of parachuting in stories tc 
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adaptive mechanism in nonhuman as 
well as human animals. The phenom- 
enon is remarkably similar to Pavlov's 
(Pavlov, 1927, 1928, 1941) “paradoxical 
phase." Pavlov noted that when his 
dogs were subjected to extreme states of 
stress over a prolonged period, a highly 
orderly sequence of changes took place 
in their conditioned response hierarchies. 
Following a period of total inhibition, 
a reverse gradient appeared, with the 
animal responding most strongly to stim- 
uli that it had originally responded to 
least strongly, and least strongly to stim- 
uli that it had originally responded to 
most strongly. Pavlov referred to this 
complete reversal as the ‘‘ultraparadox- 
ical phase." Following this, there oc- 
curred a gradual shift along the stimulus 
dimension of the point of strongest 
response until the original gradient was 
restored. With repeated exposure to the 
same source of stress, the sequence un- 
folded itself more and more rapidly 
and finally disappeared. The Pavlovian 
phenomenon, as described above, is 
opposite in developmental direction to 
that observed in our parachutists. How- 
ever, this is theoretically to be expected, 
as Pavlov attributed the above sequence 
of responses to the gradual dissipation 
of an inhibitory state, whereas in the 
oretical formulation presented for the 
parachutists, the peaking back was 
assumed to be associated with increas- 
ing inhibition. Under conditions experi- 
mentally designed to increase inhibition, 
e.g., drowsiness and certain drug states, 
Pavlov was able to demonstrate a peak- 

of the generalization gradient 


ing back he ge 
in the same direction as that found for 


our parachutists. 

The shift in the peak of anxiety toward 
the remote end of the dimension, whether 
dimension or a time dimension, has 
plications for both adaptive 
behavior. On the 
adaptive side, it can serve to alert the 
person or animal in sufficient time for 
defensive reactions to be brought effec- 
tively into play. Secondly, the inhibi- 
tory reaction responsible for the inverted 
v serves to keep anxiety within relatively 
low and nondisruptive overall levels. It 


the 
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important im 
and maladaptive 
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is presumably by this mechanism that 
the experienced parachutist is able to 
keep from experiencing the intense anxi- 
ety that the inexperienced parachutist 
must cope with. An interesting negative 
derivation related to this last advantage 
is that individuals who have successfully 
coped with stress over a prolonged period, 
if their controls ever were to break down, 
should be susceptible to greater panic and 
disorganization than inexperienced in- 
dividuals. Such a derivation is actually 
supported by observations of wartime 
pilots (Bond, 1952). A further implica- 
tion of the displacement of the peak of 
the inverted v is that while it should 
normally be adaptive in alerting the indi- 
vidual to an area of potential danger, 
should the conflict become unconscious, 
the displacement of the anxiety from its 
point of origin would result in what 
would appear to be meaningless anxiety, 
and the greater the time since the 
conflict, the more remote would the 
relationship become between the original 
conflict and the cues that elicit the 
anxiety. Space does not permit a full 
development of the implications of the 
inverted v-shaped curve, which will have 
to be reserved for a future theoretical 
paper. 
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EFFECT OF OVERTRAINING ON REVERSAL AND 
EXTRADIMENSIONAL SHIFTS? 


THOMAS J. TIGHE 


Dartmouth College 


32 rhesus monkeys were trained to criterion in a Wisconsin General Test 
Apparatus to respond to 1 dimension of a 2-dimensional discrimination 
task and then to respond either to the previously negative stimulus 
(reversal shift—RS) or to the previously irrelevant dimension (extra- 


dimensional shift—EDS). 


3 of the Ss were given the discrimination 


shifts immediately upon reaching criterion in the original discrimination, 
while the other } received 200 training trials beyond criterion before 


undergoing the discrimination shifts. 


EDS was accomplished signifi- 


cantly faster than RS by both the criterion and the overtrained Ss. 


Overtraining had no effect. 


Previous studies show that mature 
humans learn a reversal shift (RS), 
which involves a reversal of response 
to a previously relevant dimension, 
more rapidly than an extradimensional 
shift (EDS), which requires response 
to a previously irrelevant dimension 
(e.g., Buss, 1953; Harrow & Fried- 
man, 1958; Kendler & D'Amato, 
1955). But the contrary is true for 
young children (IXendler, Kendler, & 
Wells, 1960) and for the infrahuman 
organisms which have been tested 
(rats, Kelleher, 1956; chickens, Brook- 
shire, Warren, & Ball, 1961; infant 
and mature rhesus monkeys, Tighe, 
1964). However, the maturing child 
has been found to perform such tasks 
progressively more like the human 
adult (Kendler & Kendler, 1959; 
Kendler, Kendler, & Learnard, 1962). 

Theoretical accounts of these age 
and species differences have stressed 
the role of mediating processes. Kend- 


1 This investigation was supported by 
Public Health Service Research Grant MH 
07813-01, from the National Institute of 
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out at the Cornell University primate lab- 
oratory, which is supported in part by Grant 
M4516 from the National Institute of Mental 
Health. The author would like baer 
Robert R. Zimmermann for the facilities an 


assistance afforded. 
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ler and Kendler (1962) suggest that 
as children mature they become more 
likely to accomplish such problems 
on the basis of cues which are added 
to the stimuli of the task by mediating 
responses and which become the 
primary determiners of the discrimi- 
native response. The mediational 
sequence established in the initial 
discrimination remains appropriate 
in a subsequent RS whereas in an 
EDS it must be discarded and a new 
one formed. Consequently, an RS 
will be relatively easy for a mediator. 
The fact that young children and 
lower species find it relatively difficult 
to reverse is deduced from the assump- 
tion that these Ss discriminate on the 
basis of single-stage S-R associations 
in the manner indicated by Spence 
(1936). For such Ss the to-be- 
abandoned habit has to undergo more 
complete extinction in an RS than 
in an EDS. However, Kendler and 
Kendler have noted that appropriate 
response-produced stimulation may 
be developed in lower organisms by 
extended training (e.g., as presumably 
occurs in discrimination-reversal learn- 
ing sets). Other forms of mediation 
theory which have been applied to 
discrimination-shift behavior assume 
that before Ss can learn which stimu- 
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lus to approach and which to avoid 
they must first acquire mediating 
responses which function to sclect 
out the relevant stimuli of the task. 
This mediating process has been 
conceptualized as the strengthening 
of observing responses (Zeaman & 
House, 1963) or the switching in of 
analyzers to the relevant dimension 
(Mackintosh, 1962). The more fully 
such processes are developed by 
training within a discrimination the 
more likely it is that Ss will con- 
tinue to respond to the relevant cues 
after an RS and consequently. the 
faster will be the reversal learning. 
Concurrently, it becomes less likely 
that Ss will respond in a subsequent 
EDS to the previously irrelevant but 
now relevant cues. 

It follows from the latter formula- 
tions that infrahuman organisms will 
be likely to learn an RS more rapidly 
than an EDS following a high degree 
of overtraining (OT) in the original 
discrimination, or, at least, that OT 
will facilitate RS and retard EDS. 
According to single-stage S-R theory, 
however, OT should not facilitate 
RS. From the point of view of the 
Kendlers' formulation, then, the im- 
portant consideration in predicting 
the effect of OT is whether or not 
this condition would result in the 
development of a cue-producing re- 


sponse which would enable rapid 
reversal. These issues are examined 
in the present experiment which 


studies the effect of extended training 
upon the shift performance of mon- 
keys—a species which in view of its 
relatively advanced position on the 
evolutionary scale may be assumed to 
rank high among infrahuman species 
in the ability to develop and utilize 
mediating processes in problem-solving 
behavior. 
METHOD 


Subjects —The Ss were 32 rhesus monkeys 
ranging in age from 3 mo. to 16 mo. from the 


Cornell University Laboratory. The Ss had 
prior discrimination training which was 
balanced over the conditions of this experi- 
ment. Each S received a daily ration of 
monkey chow and a vitamin sandwich. 

Apparatus.— he animals were trained in 
two Wisconsin General Test Apparatus which 
were standard in their general structure. One, 
however, was of smaller scale to accommodate 
the younger Ss. Mounted on the stimulus 
delivery trays were two sliding upright 3-in. 
stimulus holders which covered food 
s. The stimuli consisted of ?-in. wide and 
l-in. thick plastic strips glued to a 3-in. square 
white plaque. ‘The plastic strips varied in 
color, being red or green, and were arranged 
to form either a continuous 23-in. long vertical 
line or an interrupted vertical line of the same 
extent. Two such parallel lines separated by 
} in. were centered on cach plaque. Thus, 
on any one trial in original learning S had to 
choose between the stimuli in one of the 
following two pairs: (a) continuous red strips 
vs. interrupted green strips, or (b) interrupted 
red strips vs. continuous green strips. 

Procedure.—Al Ss first learned a dis- 
crimination with one of the following as the 
positive stimulus: continuous strips (C), 
interrupted strips (I), red strips (R), or green 
strips (G). For example, if an S had C as the 
positive stimulus he was reinforced for 
choosing the continuous strips, regardless of 
whether they were red or green. Upon reach- 
ing criterion in the initial discrimination half 
of the Ss (Criterion group) were immediately 
given the discrimination shifts. Half of these 
Ss received a reversal shift (Group C-RS) 
and the other half received an extradimen- 
sional shift (Group C-EDS). For example, if 
an S had C as the positive stimulus in the 
initial discrimination he could then be given 
either an RS to I positive or an EDS to R or 
G positive. The remaining Ss (Group OT) 
were similarly treated but only after having 
received 200 additional training trials on the 
initial discrimination during which criterion 
performance had to be maintained. This 
figure represents about 906; of the mean trials 
required to complete the original learning. 
An attempt was made to equate the major 
treatment groups in speed of learning the 
initial discrimination. 

The general testing procedure followed the 
standard method used with the Wisconsin 
General Test Apparatus. The specific trial 
procedure consisted of E slowly moving the 
stimulus tray forward, pausing for 2 sec. 
just outside S’s reach, and then moving the 
stimuli closer to S. The S pushed back one 
of the two stimulus holders, revealing a raisin 
The Ss received 25 non- 


on correct choices. 


| 
| 
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TABLE 1 


MEDIAN NUMBER oF ERRORS AND TRIALS 
TO CRITERION DURING SHIFTS 


Relevant Dimension 


Continuous- 


Red-Green 
Interrupted 


Group 


Trials 


inta tA 


Note.—Each subgroup contains four Ss. 


correction trials per day in each phase of the 
experiment, and were run to a criterion of 21 
correct responses for each of 2 successive 
days both during original learning and for the 
postshift discrimination. Overtraining was 
given on consecutive days until 8 days of 
criterion. performance had been achieved. 
"Throughout training the order and position 
of stimuli followed an irregular sequence 
which provided that the same stimulus pair 
not appear more than twice in succession and 
that a correct stimulus not appear more than 
three times in succession on the same side. 
During the postshift discriminations the ir- 
relevant dimension was held constant in order 
to minimize possible partial-reinforcement 
effects for Ss undergoing the EDS. Each 
stimulus dimension was used equally often as 
the relevant dimension during original learn- 
ing and the discrimination shifts. Each 
discrimination was begun on the day following 
completion of the preceding task. 


RESULTS 


The major treatment groups did 
not differ in speed of learning the 
initial discrimination (F«1) All 


TABLE 2 


ANALYSIS OF VARIANCE OF TRANSFORMED 
TRIALS TO CRITERION IN 
DISCRIMINATION SHIFTS 


Source df | MS | F 
Type of shift (S) 1 | 3.396 8.47** 
Overtraining (OT) 1 410 1.02 
Dimension (D) 1 3.307 8.26** 
S x OT 1 114 
Sx D 1 .001 
D XOT 1 .011 
SxOT XD 1| .6 
Within groups 23 401 

** p <.01. 


but three of the Ss completed over- 
training (OT) in 8 successive days. 
These three animals (two in the RS 
group and one in the EDS group) 
each required 1 additional day. Dur- 
ing OT the mean number of errors 
per day was .82. The shift perform- 
ance of the animals is summarized in 
Table 1. Trial and error scores for the 
discrimination shifts are presented in 
terms of the dimension involved since 
the I vs. C discrimination proved to 
be significantly more difficult than 
the R vs. G discrimination. Factorial 
analyses of variance were applied to 
trial and errors scores transformed 
to natural logarithms. Table 2 pre- 
sents the analysis for the trial meas- 
ure. Analysis of the error measure, 
which is not given here, provided 
conclusions identical to those ob- 
tained from the trial analysis, although 
the p values for type of shift and for 
dimension were <.001 and <.05, 


TABLE 3 


PERCENTAGE 


or RESPONSES TO THE PREVIOUSLY PosrrivE STIMULUS 
IN RS FOR THE CRITERION AND OVERTRAINED Grovurs 


Days in Shift 


pS anmenn mi 
Sriep à | 2 3 | 4 | 5 6 y 8 
ET sag | 655 | 380 | 52.5 | 486 | 46.3 | 45.2 | 43.6 
Criterion | | 830 | wa | 697 | 566 | sig | 480 | 507 | 432 


Note, 


— The trends are the same for both the C-I and the R-G discriminations. 
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respectively, for the error measure. 
One animal in the OT-RS group had 
to be removed during the shift phase 
of the experiment due to illness, and 
the cell mean was substituted for his 
score. The mean number of errors 
before the first correct response fol- 
lowing reversal shift was 25.4 for the 
overtrained group and 9.4 for the 
criterion group (f= 1.4, p < .20, 
two-tailed). Table 3 presents the 
percentage of responses to the pre- 
viously positive stimulus on successive 
days in reversal shift for the criterion 
and overtrained groups. 


DISCUSSION 


The finding that monkeys learn an 
EDS more rapidly than an RS confirms 
a previous study with primates which 
employed different dimensions than those 
used here (Tighe, 1964). In that experi- 
ment, as in the present study, relative 
ease of shift was not affected by differ- 
ences in the diffculty of the discrimina- 
tion involved. The OT condition of 
the present experiment did not facilitate 
reversal behavior or retard extradimen- 
sional shift behavior regardless of which 
dimension was relevant. In fact, the 
measures of perseverative errors indicate 
that OT had a retarding effect on reversal 
performance. These results are in agree- 
ment with a single-stage S-R theory of 
discrimination learning. According to 
this view OT will have no effect on the 
relative ease of the two types of shift 
since additional training should merely 
result in proportionate increases in the 
habit strengths involved in the original 
discrimination. It also follows from this 
al zu ‘ey _behavior will be 

Y OT since the absolute 
Strength of the original habit will be 
increased. However, the retarding effect 
on RS may be relatively slight since 
the strength of the original habit can be 
expected to be near asymptote with 
criterion learning. The present findings, 
then, are consistent with the assumption 
that Ss discriminated on the basis of 


single-stage associations throughout the 
experiment. 

These results do not agree with 
Mackintosh's (1962) study with rats 
which showed that OT in a brightness 
discrimination facilitated a subsequent 
reversal shift but retarded the learning 
of a horizontal-vertical discrimination. 
Although rats trained only to criterion 
learned the brightness reversal more 
slowly than the horizontal-vertical dis- 
crimination, these relations were reversed 
with OT. However, these data are not 
pertinent to the issue of whether OT 
will enable infrahuman organisms to 
learn an RS more rapidly than an EDS 
since the RS and EDS in this design 
involved different dimensions and thus 
preclude direct comparison of the relative 
ease of the two types of shift. But 
the question does arise as to why Mack- 
intosh obtained an effect of OT while 
the present study did not. Considera- 
tion of procedural differences give rise 
to a hypothesis which might account for 
the discrepant results. First, in the 
reversal condition Mackintosh used a 
simultaneous brightness discrimination— 
the only situation in which OT has 
generally been found to facilitate reversal 
learning in animals. Secondly, a single 
dimension was present during OT in 
the Mackintosh study, while an addi- 
tional varying irrelevant dimension was 
present during OT in the present experi- 
ment. It is possible, then, that these 
factors may have especially favored the 
development and attachment of mediat- 
ing responses during OT. In other 
words, the perceptual properties of the 
task may play a critical role in determin- 
ing the effectiveness of OT. This hypoth- 
esis receives some support from Tighe's 
(1963) experiment which employed shift 
Procedures identical to those of the 
present study and found that 5- and 6- 
yr.-old children would accomplish an 
RS more rapidly than an EDS if they 
were first given nonreinforced pretraining 
designed to emphasize the independence 
and the dimensional nature of the proper- 
ties of the task stimuli. Control Ss 
in this experiment showed no difference 
in the relative ease of the two types of 
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shift, a finding which confirms previous 
studies (Kendler &  Kendler, 1959; 
Kendler et al, 1962). 

The results of the present experiment, 
then, are consistent with the assumption 
that there is a fundamental difference 
in the manner in which human and 
infrahuman organisms accomplish dis- 
crimination shift problems, and indicate 
that this difference is not readily elimi- 
nated by extended training within the 
problem. But in order to resolve the 
question of whether or not these state- 
ments are generally applicable to the 
behavior of infrahuman species in such 
tasks, further evidence is required con- 
cerning the influence of variations in 
the testiag procedures employed, par- 
ticularly in regard to variations in the 
perceptual structuring of the task. 
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ROUGHNESS, SMOOTHNE 


SS, AND PREFERENCE: A STUDY 


OF QUANTITATIVE RELATIONS IN 
INDIVIDUAL SUBJECTS? 


"A EKMAN, JAN HOSMAN, aso BRITA LINDSTROM 


University of Stockholm 


A set of 7 surfaces were used as stimuli in a scaling experiment. 


For 10 


Ss individual scales were obtained, by a method of ratio estimation, for 


(a) roughness, (b) smoothness, and (c) preference. 


The main results 


were: (a) For all Ss roughness was approximately a power function of 
the physical stimulus variable defined as the coefficient of friction. 
The exponent of the function varied greatly between Ss but exceeded 1 


in almost all cases. 
the inverse of roughness. 
proportional to smoothness. 


] It has been pointed out (e.g. 
Ekman, 1961b) that psychological 
mechanisms may sometimes turn out 
to be rather simple when studied at 
the proper level. The psychological 
variable of similarity has, thus, been 
demonstrated to be a simple function 
of measurable psychological aspects 
of the percepts entering into the 


comparison (Eisler, 1960; Eisler & 
Ekman, 1959; Ekman, Engen, Kün- 


napas, & Lindman, 1964; Ekman, 
Goude, & Waern, 1961). 

The present paper reports a study 
in a new series of investigations of 
psychological mechanisms, in which 
a preference variable is studied as a 
function of other psychological vari- 
ables. This type of problem has been 
rather neglected; one of the few in- 
stances of a similar approach was a 
color preference study by Guilford 
(1939). The particular purposes of 
the present investigation were: (a) to 
investigate preference as a function of 
the subjective variables roughness and 
smoothness, (b) to investigate the 
subjective variables roughness and 

1 This investigation was supported by the 
Swedish Council for Social Science Research. 
The work was performed while Jan Hosman 
from the University of Leyden, held a scholar- 
ship at the University of Stockholm, 
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tb) For nearly all Ss smoothness was appro imately 
(c) For nearly all Ss preference was directly 


smoothness in relation to each other 
and to the corresponding stimulus 
variable, and (c) to study all these re- 
lations on the level of the individual S. 


METHOD 


Subjects. — Ten Ss took part in the experi- 
ment, cight female: and two males. All Ss 
were students of psychology with some pre- 
vious experience of ratio estimation. 

Stimulus materials —Seven stimulus sur- 
faces were used. Five stimuli (No. 1-5) were 
pieces of sandpaper, one (No. 6) was a piece 
of cardboard, and one (No. 7) a piece of 
ordinary writing paper. Several identical 
stimulus sets were prepared and used suc- 
cessively in order to avoid any noticeable 
change in surface due to use. : 

Static coefficients of friction were experi- 
mentally determined in relation to a sample 
of finger tips under conditions similar to those 
of the main experiment. From the number of 
grits used in the production of the sandpapers 
an alternative stimulus measure, 1/(No. 
of grits), was obtained which can be regarded 
as proportional to the diameter of the grains. 
The latter type of stimulus characteristic 
was used by Stevens and Harris (1962) in 
their scaling of roughness and smoothness. 
The data of the present experiments (as well 
as additional experiments covering a wider 
stimulus range) indicate, however, that the 
two sets of stimulus measures are not propor- 
tional to cach other. Under these circum- 
stances the coefficient of friction was chosen 
as stimulus measure. 

However, the physical attributes determin- 
ing the degree of perceived roughnessare prob- 
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ably not described exhaustively by the coef- 
ficient of friction. Since the sandpapers are 
most similar to each other in other physical 
respects, the relations between the stimulus 
variable and the subjective variables may be 
most adequately studied for Stimuli No. 1-5. 

Experimental procedure.— Vhe stimuli were 
presented in pairs of surfaces, each about 
3 X 10 cm., covered by a screen in such a way 
that S, without seeing the surfaces, could 
comfortably stroke them with his two index 
fingers. 

There were three experimental conditions: 
(a) roughness estimation, (b) smoothness 
timation, and (c) preference estimation. 
Each .$ participated in all conditions, one 
condition in each of three sessions on different 
days. Right-left position was rotated for 
cach S, and the order of conditions was ro- 
tated between Ss. n each condition S 
judged two random orders of 42 pairs 
each of the 21 different stimulus combinations 
was judged four times by each S. 

In the roughness-estimation sessions Ss 
Were instructed as follows: 


You will be presented with pairs of sand- 
papers. Your task is to give a judgment 
about the roughness of the sandpapers. 
Take your time just to get a good idea how 
rough one paper is compared with the other. 
Give the judgment in free numbers. For 
instance, if the paper on the right seems 
to be three times as rough as the paper on 
the left, say: the ratio is three to one. You 
may also use numbers like 300 to 100, or 45, 
to 15, or 1 to 0.33. 


In the smoothness-estimation sessions the 
same instruction was used with the words 
‘smoothness and “smooth” substituted for 
roughness" and “rough.” 

In the preference-estimation sessions Ss 
were instructed in the same way to give “a 
judgment about the character of the surface 
in terms of pleasantness or preference." 

The “free” form of the ratio-estimation 
method used in these experiments is similar 
to the form suggested by Mashhour (1964). 


RESULTS 


Experimental data.—The pairs of 
numbers reported by S were trans- 
formed to ratios. Arithmetic means 
were computed for the four ratios ob- 
tained from each S for each stimulus 
combination in each condition. In- 
dividual scales were constructed from 
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the ratio matrices according to a 
procedure described by one of the 
present authors (Ekman, 1958, Equa- 
tion 14). 

The psychophysical funciion.—The 
subjective scales of roughness and 
smoothness are plotted against the 
stimulus variable, in log-log coor- 
dinates, in Fig. 1, in which there is 
one diagram for each S. Straight 
lines represent the general trend of all 
data in first approximation. For 
most Ss the fit would be considerably 
better (and the slope of the lines a 
little steeper) if only the sandpaper 
stimuli were included. (A slightly 
better fit may also be achieved by 
introducing an additive constant [Ek- 
man, 1958, 1961a]) lt can be 
concluded that power functions de- 
scribe the psychophysical relation in 
reasonably good approximation, at 
least for the sandpaper stimuli, for 
all Ss. The actual fit is most ade- 
quately judged in Fig. 2, where the 
roughness functions are shown, for 
all seven stimuli, in linear coordinates; 
the goodness of fit of the smoothness 
functions is much the same. 

This result is of considerable inter- 
est, for very little is known so far 
about the psychophysical function 
for individual Ss. Almost all previous 
conclusions have been based on group 
data. One investigation by Pradhan 
and Hoffman (1963) was in part con- 
cerned with this problem. According 
to these authors, the power function 
did not describe the majority of 
individual data in experiments with 
weight lifting, although it did repre- 
sent the group data fairly well; hence, 
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it was concluded that the power 
function might be an artifact of 
grouping. On the other hand, recent 


investigations have shown a Very 
satisfactory fit of power functions 
to individual loudness data (Stevens 
& Guirao, 1964) as well as to data 
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Fic. 2. Subjective roughness plotted against the coefficient of friction, in linear coordinates. 
(Each graph represents an individual S.) 
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Fic. 3. Subjective smoothness plotted against subjective roughness, in log-log coordinates. 
(Each graph represents an individual S.) 
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concerning saltness and sweetness (Ek- 
man & Aakesson, 1964). 

Whereas the individual power func- 
tion may be considered as approxi- 
mately verified in the present experi- 
ment, it is seen from the graphs in 
Fig. 1 that there is a considerable 
variation with regard to the slope of 
the straight lines fitted to the data. 
In other words, the exponent of the 
power function is a variable over 
individuals. In the present sample 
of 10 Ss, the exponent of the functions 
fitted to all seven stimuli varies 
between .8 and 3.5 for roughness and 
between —.8 and —3.0 for smooth- 
ness. Although part of this variation 
may be due to unreliability of data, 
it can be concluded from inspection 
of the graphs in Fig. 1 and, particu- 
larly, Fig. 2 that other sources of 
variation are much more important. 

Reciprocality of scales—It has been 
shown in previous investigations by 
Torgerson (1960, 1961), Eisler (1962), 
Stevens and Harris (1962), and 
Schneider and Lane (1963) that 
magnitude scales tend to be inversely 
related for continua defined by oppo- 
site terms (e.g., loudness and soft- 
ness). In some cases the inverse 
relationship is not obtained in reason- 
able approximation, unless a scale 
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correction is performed (Eisler, 1962: 
cf., Schneider & Lane, 1963). 

Let roughness be denoted x and 
smoothness y. If the relation is one 
of simple reciprocality, then y = c/x, 
or log y = log c — log x. This hy- 
pothesis has been tested by plotting 
smoothness against roughness, in log- 
log coordinates, in Fig. 3 where each S$ 
is represented by a separate graph. 

It is seen that for most Ss the rela- 
tion, log y = log c — log x, describes 
the data in fairly good approxima- 
tion; the straight lines drawn in the 
graphs all have a slope of —1. It may 
thus be concluded that scales of 
roughness and smoothness, when con- 
structed by the method of free ratio 
estimation used in this experiment, 
tend to be inversely related for indi- 
vidual .Ss. 

The preference function.—One of 
the main purposes of the present 
investigation was to study preference 
as a function of the subjective vari- 
ables of roughness and smoothness. 
In Fig. 4 the preference variable is 
plotted against smoothness, in linear 
coordinates. It is immediately seen 
that the relation is one of direct 
proportionality. 

Letting p denote preference, the 
relations between the three subjective 
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(Diagram A shows subjective roughness, filled 
» Plotted against the stimulus variable, in log- 


-log coordinates, the reciprocality of roughness 
Preference as 


afunction of smoothness, in linear coordinates.) 
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variables can now be summarized 
thus: p = by = a/x, where a and b 
are constants related to the arbitrary 
units of measurement. 

Group data.—Group scales have 
been obtained by computing geo- 
metric means of individual scale 
values. The psychophysical function, 
the reciprocality of smoothness and 
roughness, and the preference func- 
tion are illustrated by group data in 
Fig. 5 A-C: 

These graphs do not add anything 
to the results we have already ob- 
tained and illustrated. Insofar as 
we are interested in the generality— 
over individuals—of our results, the 
group data convey less information. 
They are presented here only as a 
summary of results. 


DISCUSSION 


The conclusions of the present study 
have all been based on individual data. 
This was possible partly because of the 

possible partly f 
reasonably satisfactory regularity of 
these data. It should be borne in mind 
that each individual scale was con- 
structed from a ratio matrix based on 
4 X 21 or altogether 84 estimates, ob- 
tained in the course of one session, lasting 
about 1 hr. The complete method of 
ratio estimation—involving all different 
combinations of stimuli—appears ef- 
ficient for the construction of reasonably 
reliable individual scales. 

The considerable interindividual varia- 
tion with regard to the exponent of the 
power function for roughness and smooth- 
ness is reflected also in the scales of 
preference. Basically it is a variation 
with regard to the subjective range cor- 
responding to the constant stimulus 

b $ set of stimuli elicits 
range. A given et eee d dE 
subjective responses which cover 

: Ss (e.g. I, V, and VII) 
range in some 5$ \©-5" 
in some other Ss 
and a narrow range ! 1 differ- 
(e.g., III, VI, and VIIL); these 


i in Fig. 1-4. As 
ences are conspicuous In Fig. Pe 
far as the interpretation of these finding 


is concerned, there appear to exist two 
main alternatives: (a) The differences 
are “perceptually real,” i.e., the differ- 
ences reflect some kind of variation with 
regard to sensitivity. (b) The differ- 
ences reflect the different ways in which 
Ss handle the numbers, i.e., the differ- 
ences represent systematic errors in the 
scale construction, basically an inability 
of some or all of the Ss to give ade- 
quate quantitative reports. 

It appears impossible to decide, on the 
basis of present knowledge, between 
these alternative interpretations of the 
interindividual differences which have 
been found. Similar alternative inter- 
pretations have been suggested in an 
interesting paper by Jones and Marcus 
(1961), reporting a study of individual 
power functions for three continua. 
Positive correlations between exponents 
were considered as supporting the view 
that interindividual differences largely 
reflect differences in handling numbers. 
On the other hand, the present authors 
and their co-workers, in unpublished 
studies of a larger number of continua, 
have found correlations which are low 
or moderate as compared to remarkably 
high reliability coefficients characteristic 
of individual scales. A further clarifica- 
tion of the issue is highly desirable. 
Generally speaking, the problem of 
individual number behavior is basic to 
vast areas of current psychophysics 
(cf., Ekman, 1964a, 1964b). 

Finally, it is worthy of notice that 
some of the generalities revealed by the 
present study may be valid results 
regardless of the answer to the questions 
just discussed. The power function 
might be the true individual psycho- 
physical law, even if the exponents 
should not be taken at their face values. 
The reciprocality of smoothness and 
roughness might be a genuine result, 
which it was possible to demonstrate 
because both scales were distorted in 
the same way. For similar reasons, the 
simple relation found between the prefer- 
ence variable and the perceptual vari- 
ables of smoothness and roughness might 
probably be accepted as a valid result. 
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RESPONSE FORCE AS A FUNCTION OF AMOUNT 
OF REINFORCEMENT}! 


VINCENT DI LOLLO 


University of Western Australia 


W. D. ENSMINGER axb J. M. NOTTERMAN 
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5 groups of 6 rats each were trained to press an isometric lever and were 
rewarded with either 1, 2, 3, 4, or 5 20-mg. pellets on responses meeting 


or exceeding an 8-gm. force criterion. 


After 10 Acquisition s 


all Ss were shifted to 3 pellets for 6 further sessions and then received 


tinction sessions. 


Both force and variability of bar pressing varied 


inversely with amount of reward by the end of Acquisition, but not dur- 


ing Shift or Extinction. 


An account of these results in terms of 


criterion discrimination is suggested. 


The study here reported attempts 
to determine (a) whether force of bar 
pressing during acquisition varies 
systematically with magnitude of 
reinforcement, and (b) whether shifts 
in amount of reinforcement are fol- 
lowed by shifts in force emission. 

Exploratory data bearing upon 
these questions have been reported 
by Notterman and Mintz (1965) who 
found an inverse relationship between 
force and amount of reinforcement. 
Since in this preliminary study the 
same Ss were tested at all levels of 
amount of reinforcement, the original 
effects of reward magnitude were 
conceivably confounded with the ef- 
fects of shifts in the same variable. 
In the present research separate 
groups of Ss were trained at five 
independent amounts of reinforce- 
ment, were shifted to the middle level, 


and then placed in extinction. 


performed under Con- 
tract Nonr-1858 (19) between the Office of 
Naval Research and Princeton University. 
The first author was in Princeton under the 
auspices of a Fulbright Travel we 
Participation of the second author was aide 
by a National Science Foundation Under- 


graduate Fellowship. 


1 This research was 


METHOD 


Apparatus—The apparatus used in this 
study has been described by Notterman 
(1959) and by Notterman and Mintz (1965). 
Essentially, it consists of a Skinner box 
equipped with a bar connected to a pair of 
strain gauges. The peak force of each bar 
press was measured and automatically re- 
corded to the nearest gram. The apparatus 
was calibrated to record every bar press 
meeting or exceeding a force of 2.5 gm. 
(threshold), and to deliver a given number of 
food pellets following each bar press meeting 
or exceeding a force of 8.0 gm. (criterion). 
The experimental room was sound-insulated 
and was illuminated by a frosted white 7.5-w. 
indirect lamp located approximately 2 fi. 
from the experimental cage. Besides the 
masking noise of an electric fan, the only 
distinctive sound was the noise of the pellet 
dispenser which operated upon termination of 
responses reaching the 8.0-gm. criterion. 
Water was always available in the experi- 
mental cage. 

Subjects and procedure.—' The Ss were 36 
male Wistar rats obtained from the Charles 
River Breeding Laboratory. They were 90 
days old at the beginning of Acquisition and 
were housed individually. Fourteen days 
before the beginning of Acquisition all Ss were 
placed on a 24-hr. feeding schedule with free 
access to dry Purina laboratory mash for 1 hr. 
each day and with water à ailable at all 
times. On each of the 2 days immediately 
preceding the beginning of Acquisition each 
S received approximately 20 min. of tray- 
approach training. On each approach to the 
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tray S obtained the number of pellets it was 
scheduled to receive during Acquisition. 

The 36 Ss were randomly allocated to six 
groups of 6 Ss each. The experiment was 
carried out over 20 successive days (one 
session per day) divided into three stages as 
follows: during Acquisition (10 days) Groups 
I, II, III, IV, and V received either one, two, 
three, four, or five Noyes 20-mg. pellets, 
respectively, following each response at or 
above the 8.0-gm. criterion. As can be seen, 
number of pellets covaried with the weight of 
food obtained per response. A control group 
(Group C) receiving two 45-mg. pellets on 
responses meeting the 8-gm. criterion was 
introduced to obtain some indication of the 
relative effects of weight of food as opposed to 
the number of pellets. If Ss respond largely 
to the weight of the reward, Group C should 
be expected to behave more like Group V 
(100 mg.) than Group II (40 mg.). 

A "'self-shaping" procedure was adopted on 
the first day of Acquisition: each S was placed 
in the experimental cage where it found the 
appropriate number of pellets in the food cup, 
and the bar baited with a small amount of 
food powder. Subsequent reinforcements de- 
pended entirely on the occurrence of responses 
meeting or exceeding the 8-gm. criterion. A 
daily session ended upon procurement of 35 
reinforcements. 

During Shift (6 days) all groups received 
three 20-mg. pellets following responses meet- 
ing or exceeding the criterion. The number 
of reinforcements per session remained un- 
changed. During Extinction (2 days) no food 
reward was delivered, but the sound of the 
magazine was present as during Shift. An 
extinction session ended upon emission of 35 
responses meeting or exceeding the 8-gm. 
criterion. Except for Extinction days, each 
run began with the relevant number of pellets 
in the food cup. One S in Group III died on 
the fifth day of shift, and one S in Group I 
was eliminated because of apparatus failure. 


RESULTS AND DISCUSSION 


The performance of the control 
group receiving two 45-mg. pellets 
was entirely similar to that of the 
five-pellet (100-mg.) group through- 
out the experiment. Peak force 
values on the last days of each of the 
phases were as follows for Group V 
and Group C, respectively: Acquisi- 
tion, 10.2 vs. 9.3; Shift, 10.5 vs. 10.7; 
Extinction, 27.4 vs. 30.1 gm. Follow- 


ing the demonstration that amount 
of reward, rather than number of 
pellets, was the relevant independent 
variable, the results of the control 
group were excluded from further 
consideration. 

The mean peak force of the re- 
sponses emitted by Ss in each group 
during the last 2 days of Aquisition is 
shown in the upper set of points (open 
circles) of Fig. 1. 

The two-tailed probability of ob- 
taining an ordered replication of the 
five reinforcement magnitudes in the 
force function is 2/5! (p < .02). This 
inverse relationship does not appear 
to be consonant with the direct rela- 
tionship obtained between amount of 
reinforcement and either rate of bar 
pressing (Hutt, 1954; Smith & Kinney, 
1956) or speed of response in the run- 
way (Crespi, 1942; Di Lollo, 1964), 
although it is quite comparable to the 
force data previously reported (Not- 
terman & Mintz, 1965). 

Since the present data were ob- 
tained under conditions involving an 
8-gm. criterion, evidence of effective 
performance may be sought in a 
measure of Ss’ approximation of this 
criterion. Figure 2 shows the dis- 
tribution of responses for Groups I 
and V on the last day of Acquisition, 
and illustrates the greater success 
of Group V in criterion approximation 
(p « .05, Kolmogorov-Smirnov two- 
sample test). The variability of the 
other groups fell between these two 
extremes as shown in the lower set 
of points (filled circles) of Fig. 1. 

On the basis of these results it may 
be suggested that the prime effect of 
amount of reinforcement is to influ- 
ence Ss’ precision of force emission. 
The hypothesis that amount of rein- 
forcement influences Ss’ ability to 
discriminate the criterion is in agree- 
ment with other results showing a 
positive relationship between incen- 
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Fic. 1. Mean peak force and SD for each group averaged 
over the last 2 days of Acquisition. 


tive amount and effective discrimina- 
tion in the T maze (Reynolds, 1950; 
Smith & Duffy, 1957). 

It should be noted that the total 
amount of food obtained during an 
experimental session varied system- 
atically across groups: Ss in Group 
V received 3.5 gm. of food vs. .7 gm. 
for Ss in Group I. This could have 
resulted in long-term differences in 
the level of deprivation and hence in 
systematic differences in motivation. 
Analogous data are available to 
indicate that substantial differences 
in hours of food deprivation prior 
to daily runs influence the force of 
response, and in a direction appro- 
priate to this argument (Notterman 
& Mintz, 1965)- It may also be 
reasoned that the effect of amount of 
reinforcement is principally mani- 
fested in “energizing” the animals. 
Thus, Ss receiving lesser amounts of 
food per response are | energized 
more than Ss receiving greater 
amounts. The emission of forces by 
the former occasionally reaches higher 


levels, and consequently variance 
increases. However, force studies 
which might support any of these 
interpretations to the exclusion of 
others have not been done. 

During Shift neither mean peak 
force nor variability of response dif- 
fered significantly between groups. 
There was, however, an overall decre- 
ment in the magnitude of both meas- 
ures over the 6 days of the Shift 
stage. Table 1 is a summary of the 
analyses of variance performed on 
the slope of the linear component 
of mean peak force and standard 
deviation, respectively, for each S 
over the 6 days of the Shift stage. 
Immediately following the reinforce- 
ment shift, Groups I and II showed a 
rapid decrement in the variability 
of the distribution of forces, with 
a clustering of responses about the 
criterion resembling the distributions 
of the higher-reward groups. Mean 
peak force decreased accordingly. 
Groups IV and V showed an incre- 
ment in the variability of responses— 
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Fic. 2. Force distributions of all responses 
emitted by Groups I and V on the last day of 
Acquisition. 


and in mean peak force—only at the 
beginning of the Shift stage, but both 
measures soon returned to the pre- 
shift level. Similar findings have 
been reported by Notterman and 
Mintz (1965), who obtained perma- 
nent decrements in peak force follow- 
ing increments in reinforcement, but 
only a temporary increment in force 


TABLE 1 


F Ratios ror SLOPES OF MEAN PEAK 
Forces (Fp) and SDs OVER THE 
6 Days or Simp 
e 


Source | df 
A | 1 ges 
Between groups 4 
Error (ALS) 23 
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following a reinforcement decrement. 
This pattern of results is not incon- 
sistent with the discrimination hy- 
pothesis proposed in the foregoing : 
while a reinforcement increment leads 
to improved discrimination between 
criterion and noncriterion forces, a 
reinforcement decrement’ results in 
only a temporary disturbance of the 
established discrimination. : 
Variability of response force during 
Extinction. is depicted in Fig. 3; 
mean peak force followed roughly the 
same trends. Notable is the fact that 
Group IHI, which experienced no shift 
in amount of reinforcement, shows 
the greatest variability. Perhaps 
the explanation of this finding lies 
in the fact that all groups with the 
exception of Group III have had the 
cutaneous and kinesthetic stimulus 
correlates of criterion responding as- 
sociated, by the onset of Extinction, 
with two values of amount of rein- 
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forcement. Therefore, these animals 
have had opportunity to learn that 
neither increments (Groups IV and 


V) nor decrements (Groups I and 11) 
force are related 


to amount of reinforcement received. 
The discriminative consequences of 
the Shift procedure are carried over 
into the Extinction phase, and are 
reflected in the lower variability 
characteristic of Groups I, 11, IV, and 
V. Evidence that it is these groups 
which are lower than might be ex- 
pected, and not Group II] which is 
higher, is available in a study describ- 
ing the behavior of a group of rats 
placed in extinction following 20 days 
of CRF (45 mg. reinforcement) at an 
8-gm. criterion (Notterman & Mintz, 
1965). The mean standard deviation 
in the cited experiment is 24 gm. on 
the first 2 days of extinction, almost 
identical to the values of Group III 
in the present research. 
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HEART RATE DURING CONDITIONING IN HUMANS: 
EFFECTS OF UCS INTENSITY, VAGAL BLOCKADE, 
AND ADRENERGIC BLOCK OF 
VASOMOTOR ACTIVITY ! 
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2 experiments concerned with the influence of the vagal and sym- 
pathetic innervations of the heart and of peripheral reflex mechanisms 
are reported on the deceleration of heart rate observed on test trials 


during classical conditioning in human Ss. 


An increase in vagal re- 


straint was observed to be the basis of the deceleratory response, which 
in turn masks the manifestation of sympathetic acceleratory effects. 
The latter were only observed when the vagus was pharmacologically 
blocked and when a very intense UCS was used. When the conditioned 
pressor responses were blocked pharmacologically, as evaluated by direct 
recordings of arterial blood pressure, the deceleratory response was not 
changed, indicating that the peripheral homeostatic reflex mechanisms 
are not the basis for this response and that it is likely a conditioned 


response. 


The physiological basis of heart- 
rate changes in human Ss during 
classical conditioning was investigated 
in order to determine the influence 
of the vagal and sympathetic innerva- 
tions of the heart and of peripherally 
initiated homeostatic reflexes. The 
heart-rate changes regarded as condi- 
tioned, i.e., those changes occurring 
either between CS and UCS onset or 
for a more sustained period following 
CS onset on nonreinforced trials, are 
in certain respects paradoxical and 
subject to the question of whether 
they are conditioned responses or 
only artifacts of the conditioning 
process. When a noxious UCS is used, 
such Tesponses are reported to be 
either a deceleration of heart rate ora 
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biphasic response characterized by an 
initial acceleration followed by a 
usually more sustained deceleration 
(Deane, 1964; Fuhrer, 1964; Geer, 
1964; Lang & Hnatiow, 1962; Notter- 
man, Schoenfeld, & Bersh, 1952; 
Wilson, 1964; Wood & Obrist, 1964; 
Zeaman, Deane, & Wegner, 1954; 
Zeaman & Smith, 1964; Zeaman & 
Wegner, 1957). Recently, Wood and 
Obrist (1964) have demonstrated 
that the initial acceleratory component 
of the biphasic response is a respira- 
tory artifact, which leaves only the 
deceleration as a possible conditioned 
response. ds 
Two questions now arise. First, 
why is there no sympathetic accelera- 
tory response since, under these x 
ditions, such a sympathetic effec 
1 7 d and was observed 
would be expected : omotor 
as measured by GSR and dos that 
responses? There is €VIC = a 
S nas fested as 
vagal inhibition, mantles” ble to 
deceleration of heart rate, 15 es er 
mask sympathetic activity (Rushmer, 
1958; Samaan, 1934-35a). There- 
fore, the purpose of the first of two 


HUMAN HEART RATE DURING CONDITIONING 


experiments to be reported was to 


determine whether sympathetic effects ` 


are present during conditioning but 
are not manifested due to the domi- 
nance of vagal restraint. For this 
purpose, heart-rate changes during 
conditioning in Ss with an intact vagus 
are compared to those with vagal 
activity pharmacologically blocked. 
Additionally, two intensities of the 
UCS were used to determine whether 
sympathetic effects become more pro- 
nounced with a far more intense UCS 
than was previously used (Wood & 
Obrist, 1964). It was anticipated 
that a more intense UCS would result 
in an observable sympathetic effect 
even with the vagus intact, due to the 
possibility of greater fear or anxiety- 
producing qualities of the stimulus 
(Martin, 1961). The conditioned 
GSR was also evaluated to demon- 
strate the presence of sympathetic 
activity. 

A second question concerned whether 
the deceleratory response is a condi- 
tioned response or rather is arti- 
factual, resulting from homeostatic 
reflex mechanisms initiated by a 
conditioned pressor response. The 
use of a noxious UCS as well as the 
evidence of conditioned vasomotor 
responses indicate that such pressor 
responses may occur. Further, the 
presence of such reflex influences on 
heart rate is well documented (Neil 
& Heymans, 1962), but their signifi- 
“during conditioning has not 
been determined. Therefore, the 
second experiment reported was to 
determine whether the deceleratory 
response Was still observed once 
pressor responses of vasomotor origin 

* blocked. In 
ffectiveness of 


cance 


were pharmacologically 
order to evaluate the ¢ 3 
the pharmacological agent, direct 
recordings of both diastolic and sys- 
tolic blood pressure were obtained. 
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EXPERIMENT I 
Method 
Subjects.—The Ss were 60 healthy male 
undergraduate students randomly selected 
from the introductory psychology class. 
Apparatus.—Methods for measuring heart 
rate, respiration, and skin resistance have been 
previously described (Obrist, Hallman, & 
Wood, 1964; Wood & Obrist, 1964). Addi- 
tionally, R-R interval time was measured to 
the nearest .001 sec. on a sequence event timer 
and recorder (SETAR; Welford, 1952) and 
recorded on punch tape for computer analysis. 
Procedure—There were four experimental 
conditions with Ss assigned randomly to each. 
This provided a comparison of the effects of 
vagal and nonvagal blockade at two in- 
tensities of the UCS. Vagal blockade was 
achieved by an IV injection of atropine sulfate 
(.02 mg/kg of body weight) just prior to the 
first conditioning trial. The dosage was 
derived from pilot studies. The Ss not given 
atropine received IV 5 cc of saline but were 
told that it was atropine. Eleven Ss were 
eliminated from the experiment prior to data 
analysis either because they could not relate 
correctly which CS was followed by shock, or 
theatropine in part or whole was administered 
subdermally. Therefore, the final N was: 
saline, less intense UCS, N — 12; vagal block, 
less intense UCS, N — 11;saline, more intense 
UCS, N = 13; and vagal block, more intense 
UCS, N = 13. 
1. UCS intensity. The intensity of the 
UCS was adjusted for each S as follows. All 
Ss were given a 9-point scale extending from 
"just felt" to "very painful" by which to 
judge a series of shocks. They were then 
given an ascending series of 6-sec., 60-cycle 
shocks spaced 30 sec. apart and administered 
to the finger tips of the left hand through two 
dry 5-mm. diameter silver EEG electrodes. 
At random intervals, the intensity was de- 
creased one step to determine the reliability 
of S's judgments. At the point where the 
shock was first judged as “very painful,” the 
series was stopped. For Ss in the low-in- 
tensity UCS groups, this was the level to be 
used during conditioning and S was so in- 
formed. This intensity approximated the 
level used in the Wood and Obrist (1964) 
study. For Ss in the high-intensity UCS 
groups, E entered the S room following the 
“very painful” judgment and read an appeal 
for S to take considerably more shock, which 
was defined to S as “as much as you can 
humanly stand." Thus, an appeal was made 
to his masculinity in addition to offering him 
a substantial financial bonus. After the first 
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tive conditioning trials, these Ss were again 
asked to take one further increase (.3 ma.), 
but most refused. The average amount of 
current for the less and more intense condi- 
tions was 1.88 and 3.86 ma., respectively 
(t = 10.61, p < .001). 

2. Respiratory control. Respiration was 
controlled throughout conditioning by re- 
quiring S to maintain his normal resting 
frequency and depth so as to minimize the 
influence of respiratory effects on heart-rate 
changes in Ss not receiving vagal block. 
These procedures are similar to those previ- 
ously reported (Wood & Obrist, 1964), with 
one exception. Respiratory activity was 
paced by an auditory signal which mimicked 
human breathing sounds. This signal could 
be adjusted with respect to both inspiration 
and expiration time as well as the pause be- 
tween each so as to follow exactly any one S's 
resting pattern. 

3. Conditioning procedure AC 10-min. 
rest period, training for respiratory control, 
UCS intensity determination and a 10-trial 
adaptation series preceded, in that order, 
differential trace conditioning procedures. 
During adaptation each CS was presented 
five times in a fixed random order. Condi- 
tioning consisted of a series of 36 trials, with 
16 reinforced, 10 test, and 10 sensitization 
control trials, presented in a fixed random 
order. Short rest periods were given after 
every 12 trials. Test trials were used so as 
to determine the heart-rate changes during 
the period when the UCS would normally 
occur, since the maximum deceleration occurs 
during this time (Wood & Obrist, 1964). The 
CS+ and CS— were dim red and blue lights 
with a duration of 2 sec. The 6-sec. UCS 
started 7 sec. after CS onset. The intertrial 
interval averaged 75 sec. with a range of 60 to 
90 sec. These intervals were varied in a fixed 
random order. Except during instructions, 
a low-level white masking noise was used. 
Respiratory control was continuous except 
during rest periods. The Ss were instructed 
that only one of the lights would be followed 
by shock and then only some of the time. 

Data quantification, ~The following are 
data quantification procedures. 

1. Heart rate. Second-by-second changes 
in R-R interval from a pre-CS base line for 
each of the 25 sec., following CS onset were 
averaged separately for the 5 CS+ and 5 
CS— adaptation trials, 10 test, 10 sensitiza- 
tion control, and 6 of the UCS trials, using 
procedures previously described (Wood & 
Obrist, 1964). This period was used in order 
to observe long latency sympathetic effects 
(see Dykman & Gantt, 1959). These anal- 


yes were done for each experimental condi- 
tion except adaptation. Here the saline and 
vagal blockade groups were combined for each 
level of UCS intensity since atropine had not 
yet been administered. This increased the V 
to 23 in one group and 25 in the other. .\s in 
the previous study (Wood & Obrist, 1964), 
heart-rate changes, cither acceleratory or 
deceleratory, were not related to base level, 
Therefore, no correction for base level was 
used. 

2. Respiration. A mean change score was 
caleulated as a ratio of the pre-CS average 
respiratory amplitude to the single largest 
inspiration during the first 6, next 9, and last 
10 sec. following CS onset. This was calcu- 
lated separately for test, sensitization, and 
UCS trials. “This method of quantification 
is more completely described elsewhere (Wood 
& Obrist, 1964). 

3. GSR. Conditioned GSR activity was 
quantified for test and sensitization control 
trials by first obtaining the highest resistance 
level (ohms) up through 2.0 sec. following CS 
onset and the lowest resistance level occurring 
between 2 and 10 sec. after CS onset. In 
cases where there were two or more responses 
having a 600-ohm or greater change and a 
recovery of at least 600 ohms, the lowest level 
was obtained by totaling the magnitude of all 
such responses and subtracting this from the 
highest level. These two levels were then 
averaged for each .S separately for test and 
sensitization control trials and then con- 


verted to conductance units. The difference 
between these two-level scores was then 
obtained as the measure of GSR magnitude 


and then averaged for only the two experi- 
mental groups not receiving the vagal block- 
ade, since atropine blocks GSR activity. This 
resulted in an V too small to correct for basc- 
level effects by regression analysis (Lacey & 
Lacey, 1962). i 


Results 


No significant differences were ob- 
served in the second-by-second heart- 
rate changes between the CS+ and 
CS— during adaptation. Therefore, 
the sensitization contro (CS—) was 
used as a base line from which 
rate changes on nonreinforcec bw 
> trials could be evalu- 


trials and UCS : 
ated. A direct comparison of the 


changes between vagal 


heart-rate Jews 
nonvagal — blockade 


blockade | and 


ac 
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groups was prohibited by the very 
large difference in variance between 
groups. Base-level heart rate is 
greatly elevated. by vagal blockade, 
resulting in a reduction of responsive- 
ness. However, since the principal 
effects of vagal blockade were expected 
to be a shift in the direction of the 
response, that is, from deceleration to 
acceleration, an evaluation of the 
reliability of heart-rate changes within 
each experimental group makes direct 
comparisons unnecessary. 

The deceleration of heart rate 
during conditioning was found to be 
the result of an increase in vagal 
restraint which masked sympathetic 
effects. This result was most obvious 
with the more intense UCS con- 
dition. The high-intensity UCS group 


A. Without Vagal Blockade 


without vagal blockade showed a 
biphasic response. There was an 
initial acceleration extending from 
Sec. 2-6, the effect being significant 
on Sec. 3 and 4. This was followed 
bv a more sustained deceleration 
extending from Sec. 7-15, the effect 
being significant on Sec. 8 and 9. 
On the other hand, when the vagus 
was blocked, only an acceleratory 
response was observed on test trials 
with the exception of the first second 
(see | 1 and Table 1). The 
acceleration was significant on Sec. 4- 
10, peaking at the exact second that 
the deceleration peaked when the 
vagus was not blocked, i.e., Sec. 9. 
There was a second less pronounced 
acceleration which began around Sec. 
16 and peaked on Sec. 21, the ampli- 


acceleration ——> 


R-R Interval Change (mi 


B. With Vagal Blockade s, 


<— deceleration 
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"manm, 


=== jess intense UCS 
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TABLE t 
NGES IN R-R INTERVAL (MILLISECONDS) EXPRESSED AS 
TEST Minus $ TIZATION CONTROL TRIAL MEAN DIFFERENCES 
| Low-Intensity UCS High-Intensity UCS 
E = — 
du since | No Maga Blockade agit Blonde No Vagal Madame Vagal E ux 
| — - — — - 
E n E ! x | t ë t 
1 0 «1 T 2 1.17 0 «1 +E fja 
2 0 «1 + 2 «1 —10 1.3 =f |x 
3 »s11 «I +4 1.07 | —19 2 = i < 
4 =22 1.47 -1 Sl | —24 2:5 = 9 
5 —20 1.25 — 1 «I | —21 Ls = 7 
6 T4 «1 = 1 «I —11 1s —T1 
7 T8 «1 Tod «1 +17 1, —11 
8 | sE21 | 146 T2 «1 +21 255 —13 
9 +50 | 4.01** +3 | <1 +23 p —15 
10 +50 3.20** T6 1.88 T16 1.38 —12 
11 +39 2.87* +9 2,12* +21 1.60 —11 A 
12 +37 | 2.04% +8 2.28* +20 1.51 —8 i 
13 +28 | 2.31* +10 3.55**| +22 1.55 -8 1.92 
14 +20 1.70 + 6 2.58* +18 1:15 —5 1.32 
15 — 5 «1 T5 2.15 ah 3 «1 = $ 1.41 
16 —20 1.93 +4 1.92 —4 «1 = 6 1.50 
17 —14 1.34 — 1 <1 = 5 <1 -5 1.30 
18 -4 <1 +1 csl +10 1.12 = 8 1,93 
19 -5 «1 —2 «1 +9 1.41 = 7 1.62 
20 + 1 «1 0 «1 +4 «1 —10 2.02 
21 +12 «1 0 «1 -5 «1 —12 2.40* 
22 +11 «1 41 «1 =7 «1 = 2.18* 
23 +14 <1 "b^ «I -5 «1 = 9 1.62 
24 —13 1.16 + 3 «1 —6 «1 el 1.83 
25 =19 1.23 +ó 1.23 —4 <1 -8 1.33 
REX =longer R-R interval or heart-rate deceleration; — =shorter R-R interval or heart-rate acceleration, 
wtp c 01 


tude being significant on both Sec. 21 
and 22, 

f The acceleration on Sec. 2-6 after 
cs Onset observed with the high- 
intensity UCS with the vagus intact 
appears to be a momentary decrease 
in vagal „restraint rather than a 
sympathetic effect, First it has a 
shorter latency and peaks consider- 
ably sooner than the sympatheti 
effect observed with the vagus blocked. 
Such a latency difference has been 
previously proposed by Samaan (1934 
35b) and Dykman and Gantt (1959) 
Second, this acceleration Appears to 
be significantly influenced by uncon- 
trolled respiratory effects. The ampli- 


tude of the acceleration is positively 
correlated (rho = .62, p < .05) with 
the largest single inspiration during 
the period of acceleration, the latter 
showing an 8% increase (¢ = 2.02, 
p «.10). In contrast, during vagal 
blockade, there was no correlation 
between the magnitude of the ac- 
celeration and ae npa MUN 
j refore, even with a very intense 
Dae eoe is little evidence that 
; P facto are manifested 
sympathetic effects are man! rs 
when the vagal innervation 1s IN ac . 
A reliable deceleratory response was 
also found on test trials with the less 
intense UCS without vagal blockade, 
extending from Sec. 6-14 (see Fig. 1 
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and Table 1) and peaking at Sec. 9, 
as in the higher UCS intensity condi- 
tion. In contrast, little responsive- 
ness was observed in the lower in- 
tensity UCS condition with vagal 
blockade. A small deceleration, sig- 
nificant on Sec. 11-14, suggests that 
there is little sympathetic involvement 
at this UCS intensity, at least with 
respect to the heart. This latter 
deceleration appears due to a reduc- 
tion in the amount of vagal blockade 
during the later test trials which 
allows some vagal inhibition to be- 
come manifested. An analysis of 
heart-rate changes was performed 
using only the first two test and 
sensitization control trials, when vagal 
blockade is at its maximum as meas- 
ured by basal levels of heart rate. 
This revealed no reliable response of 
any kind, although the mean second- 
by-second effects are acceleratory 
from the sixth second on. This is in 
contrast to a large deceleratory re- 
sponse, which was already significant 
on 1 sec. in the low-UCS-intensity 
group without vagal blockade during 
the same trials. 

The lower and higher UCS intensity 
conditions without vagal blockade 
were not reliably differentiated on any 
of the 25 sec. following CS onset 
(see Table 2). Only during the 
deceleratory phase of the response 
are any appreciable differences ob- 
served. But this is only a difference 
in degree of vagal restraint. On the 

the vagus 1s blocked 


other hand, when ee 
the two conditions are sharply dif- 


ferentiated, with the higher intensity 
condition having à significantly greater 
acceleratory response on Sec. 7-16 
(see Table 2). Therefore, differences 
in UCS intensity result in ginere 
degrees of sympathetic activity, v hi à 
having a less pronounced effect or 


vagal activity. 


z ed 
Vagal restraint was also observ 


TABLE 2 


SECOND-BY-SECOND DIFFEREN 


x THE 

ND HIGHER UCS INTENSITIES 

JETERMINED FROM TesT MINUS 

SENSITIZATION CONTROL TRIAL 
MEAN DIFERENCES 


Without V. m 
derer | wip yaga 
Sec. 
z 1 > ; 
1 0 se - 9 
a 1231s 
Ae Me — 4 | 15 
S| ees —4 | 1.36 
2 = <1 ur 
6 —15 107| —10 | 208 
AMET —12 | 249* 
4 9 ise -15 | 2.32* 
9 —27 1.83 | —18 | 2.80** 
10 -4 iso} —18 | 291% 
i | —18 | <1 —19 | 3.00% 
12 -17 | <1 —16 365" 
13 — 6 «1 —18 3.49** 
14 —2 «1 —10 2.39* 
15 | +10 | «1 ='9 2s 
16 | —16 | 126| —9 
17 -9 «1 -— 
18 | —14 | «1 = 8 
19 —14 1.56 = 6 
20 +3] <1 —10 
21 —16 1.14 | —12 
22 —18 1.05 | —12 
23 | —20 | 135] —9 | 1. 

24 — 8 | <1 —14 1.83 
285 | -15 | <1 =a | i77 
Note.— — = higher intensity, shorter R-R interval 
or faster heart rate. 
*p «.05. 

**p «.01. 


to decrease the duration of the un- 
conditioned response. In all condi- 
tions, a reliable acceleration of heart 
rate occurred to the UCS which was 
significantly greater for the more 
intense UCS both with and without 
vagal blockade. This acceleration 
was significant (p < .05 or less) with 
the vagus intact on 3 sec. for the less 
intense UCS and on 8 sec. for the 
more intense UCS. On the other 
hand, with the vagus blocked the 
acceleration was significant on 8 and 
14 sec. for these respective conditions. 
Furthermore, reliable differences be- 
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tween the acceleratory responses to 
the two UCS intensities were observed 
on only 3 sec. with the vagus intact, 
but on 12 sec. with the vagus blocked. 

Sympathetic activity was mani- 
fested at both UCS intensities as 
measured by GSR activity. A greater 
response on test than on sensitization 
control trials was observed in 11 of 12 
Ss with the less intense UCS and in 
all Ss with the more intense UCS. 
There was some evidence of greater 
responsiveness with the more intense 
UCS, though no reliable differences 
could be demonstrated. The average 
number of measurable responses (i.¢., 
those greater than 600 ohms) on the 
10 test trials was 7.8 for the less 
intense UCS and 9.6 for the more 
intense UCS. Similarly, the mean 
response amplitude was greater with 
with the more intense UCS, but the 
difference was not reliable (Mann- 
Whitney U > .10). Therefore, the 
failure of sympathetic effects to be 
manifested by heart rate with the 
less intense UCS cannot be attributed 
to the absence of such effects. 


EXPERIMENT Il 
Method 


Subjects.—The Ss were 11 healthy young- 
adult male student volunteers preselected on 
the basis of having shown an appreciable 
deceleratory response during a previous condi- 
tioning session, a condition considered neces- 


sary to detect clearly the influence of homeo- 
static effects, 


Equipment.—Th, 
used as in Ex 


e same equipment was 
gs p. I in addition to a Statham 
-7 cm. Hg Strain gauge for the direct 
recording of arteria] blood pressure. 
Procedure.—Two conditioning sessions were 
required and were separated by at least 1 wk 
The first was used only to preselect Ss à 
ing the second, pressor responses of vasomotor 
origin were blocked pharmacologically after 
the eighth test trial by an IV injection of 0.6 
mg. of Hydergine-Sandoz, the maximum rec- 
ommended clinical dosage. (This agent ha 
alpha-receptor adrenergic blocking charagter. 
istics and is a combination of three ergot 


alkaloids.) Conditioning procedures were 


similar to those reported in Exp. I. The UCS 
tat the less intense level. Thirteen test 
were used. Because pressor responses 
can also be initiated by respiratory-induced 
cardiac acceleration, spe 


ial efforts were made 
to keep respiratory activity controlled in both 
conditioning sessions. During the second 
session, sen ation control trials were 
omitted for five Ss prior to drug administra- 
tion and for eight Ss following drug adminis- 
tration in order to expedite proceedings 
necessitated by the experiment. Therefore, 
heart-rate changes were determined for all Ss 
without correction for sensitization effects. 
In order to evaluate the effectiveness of the 
adrenergic blockade, direct readings of 
arterial blood pressure were attempted in the 
last eight Ss and successfully obtained in five. 
Pressure was measured from the radial artery 
near the wrist of the right arm. The puncture 
was done under local anesthesia (Xylocaine) 
using a No. 18 cordon needle. ‘The needle 
was attached to a strain guage by a catheter 
filled with heparin saline solution for flushing, 
Data quantifications—Data were quanti- 
fied as in the previous study. Both diastolic 
and systolic blood pressure were quantified on 
a second by second basis, as with heart rate, 
Heart rate and blood pressure changes on the 
first three test trials prior to drug administra- 
tion were not quantified because Ss were 
usually less responsive on these trials. ‘This 
left five test trials before, and five 
administration to be quantified. 


after drug 


Results 


There was no evidence to indicate 
that the deceleration of heart rate was 
the result of reflexes initiated by a 
pressor response. There was initially 
observed in all 5 Ss on whom measure- 
ments were obtained a small pressor 
response which had a mean. peak 
response of 1.9 mm. Hg systolic am 
1.2 mm. Hg diastolic (see Table 3). 
Adrenergic blockade reduced the ed 
sponse in all Ss, with the mean diis 
response being 0.3 mm. He Cond a 
and diastolic. On the i ee hi 
reliably large sage ae both be- 
of heart rate was ° ic blockade 
fore and after I all 11 Ss, 
(see Table 4)- Foe reliable differ- 
there were clea Hu deceleratory re- 
ences between 


HUMAN HEART 


TABLE 3 


Sicoxp-ny-Skcosp Meas BLOOD PRESSURE 


AND FOLLOWID 
BLOCKADE (N = 


Systolic Diastolic 


Preblock | Postblock Preblock | Postblock 


ER 
pu 
w 


UE NEAR WOOO UNS 


& Pres 


a 
Ss 
E] 


QM boi Rb eS 


um 


2 
2 
2 
2 
2 


Soto 
TESI 
sss 


OO ox 
SSS3s 


[2323347] 
ASS 
rue 


68.8 
69.0 
69.6 


e 15 sec. before 


Ate eee ec ae eee 
QE ESOS STO VL. Le EE 
SEH 0 O09 otto 
was x 
dUBHBSOSOGPOROBEOU 


EAS RN CO os Ore 


»x Pre = Mean of all readings in th 
CS onset. 


and postblockade. A 
ffect was found with the 


f blood 


sponses pre- 
comparable e 
5 Ss on whom measurements 0 


` RATE DURING CONDITIONING 


39 


pressure were obtained. However, 
because of the small N, the reliability 
of this effect was not evaluated. 

The independence of pressor re- 
sponses and heart-rate changes is 
indicated by still other aspects of the 
data. First, there were trials even 
prior to adrenergic blockade when 
heart rate was observed to decelerate 
even when no pressor response oc- 
curred. Second, in one 5, the pressor 
response was completely suppressed 
following blockade but the decelera- 
tory response was unaltered. Third, 
no correlation could be found between 
the amplitude of the heart-rate de- 
celeration and the amplitude of either 
the systolic or the diastolic response, 
when these correlations were per- 
formed within Ss using responses on 
There was a reduction 
in the deceleratory response in one S. 
However, this appears attributable 
to the effects of S's knowing when he 
received the adrenergic blocking agent 
(all Ss had been informed of the pos- 


test trials. 
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Preblockade Postblockade Difference Post — Pre 
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z t z t z t 
1 +6 <1 T 1.37 Fi <1 
2 +12 zi -4 <! =i <1 
3 —10 «1 hog < 3 1.20 
4 +2 zi +16 <i +14 <1 
5 +9 zi +9 el 0 2j 
6 412 1.08 419 1.31 3d 2i 
7 433 3.30** +40 2.39% 47 Ši 
8 nm 4245 459 4.00** +18 zi 
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10 +52 4.95** 446 ise = 6 «i 
RS 4.08** 442 2i -5 zi 
t E 4.29** n n Zii 1.09 
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13 TS 311** 126 2T E <1 
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sible postexperimental side effects of 
this drug, which can include hypo- 
tensively induced nausea and faint- 
ing). In this S, a similar reduction 
in the deceleratory response was 
observed to a saline injection on a 
third conditioning session. However, 
no reduction in the response was 
observed to the adrenergic blocking 
agent when it was then administered 
following the saline and when the 
deceleration had returned to its 
original amplitude. 


Discussion 


These data indicate that the heart- 
rate changes observed on test trials dur- 
ing classical conditioning under these 
experimental conditions are primarily 
manifestations of variations in vagal 
activity and that sympathetic effects 
are only clearly manifested when a very 
intense UCS is used and then only when 
the vagal innervation is blocked. Fur- 
ther, the more dominant response is an 
increase in vagal restraint (ie., heart- 
rate deceleration), especially with a less 
intense UCS, and this response appears 
to be conditioned. Considering the 
decelerative response as indicative of, 
or mediated by, some affective response 
such as “experimental anxiety" (Deane, 
1964; Notterman ct al., 1952) is con- 
traindicated by the fact that this is a 
vagal response. Traditionally, sympa- 
l aep has been at least implicitly 
ae ceri in such affective 
by the greater ¢ ED int i 
indie p ympathetic involvement 


ion when the 


Ctive response. 
On the. other hand, the deceleratory re- 
sponse is greater under the low-shock con- 
dition, or when the least affective 
sponse might be found, i 

There are three other ways tl 

decelerative heart-rate change miim pe 
viewed. First, it reflects the conditioni z 
of homeostatic processes and as such is 
a type of exteroceptive-interoceptive 
conditioning. The UCS in this case is 
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the pressor response to the shock while 
the UCS would involve CNS activity 
which slows heart rate. The activity 
of the latter is only manifested on test 
trials when respiratory and other effects 
of the UCS are minimal. This would 
mean that in the absence of pressor 
responses, as following adrenergic block- 
ade, the CS is able to initiate anticipatory 
restraining activity. That such a peri- 
pheral response might be an effective 
UCS is suggested by data reported by 
Bykov (1957) where pharmacological 
agents were used to initiate the response. 
It is also reported that conditioning of 
this type requires from 20 to 100 rein- 
forcements. However, in the present 
study, a reliable deceleratory response 
was observed after only four -reinforce- 
ments, a fact which argues against this 
position. 

A second explanation has been sug. 
gested by Zeaman and Smith (1964), 
who have observed heart-rate decelera- 
tion in anticipation of shock and both 
pleasant and unpleasant auditory stimuli, 
using a variation on standard condition- 
ing procedures, It is proposed that this 
deceleration is mediated first by an 
attention process initiated by the CS 
which then Initiates respiratory changes 
resulting in a heart-rate deceleration. 
However, the studies reported by Zea- 
man and Smith do not appear to be 
definitive with respect to the influence 
of respiration and are contrary to evi- 
dence from the Wood and Obrist (1964) 
study, as well as data recently reported 
by Deane (1964). Data from the present 
experiments also contraindicate any in- 
fluence of respiration on the decelerative 
response. For example, in both expert- 
ments respiration amplitude was un- 
correlated with the decelerative response 
and, with the exception of the ea 
intense UCS conditions of Exp. I, 
remained perfectly controlled. m 
fore respiration does not appear , o 

ri ; tion 
mediate whatever influence atten 
might have on cardiovascular processes. 

A third possibility is suggested by some 
recent work of Lacey (Lacey, 1959; 
Lacey, Kagan, Lacey, & Moss, 1963; 
Lacey & Lacey, 1958) where it has been 
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proposed that cardiovascular activity 
influences environmental interaction via 
visceral afferent control of central activ- 
ity. In part, this hypothesis is based on 
the observation that various exterocep- 
tive stimuli, some with clear affective 
value, result in both sympathetic dis- 
charge, as measured galvanically, and in 
cardiac deceleration (Davis & Buchwald, 
1957; Lacey et al., 1963; Obrist, 1963). 
"This deceleration of heart rate is thought 
to facilitate sensory intake. Therefore, 
the deceleration observed during condi- 
tioning could involve similar processes 
and have a like function. As such, it 
would be a conditioned response in 
anticipation of sensory intake (i.e., the 
UCS). However, there is one aspect of 
the conditioning data which is not 
consistent with this view and which, 
for that matter, is vet another unresolved 
paradox of heart-rate conditioning. This 
is, the deceleratory conditioned response 
is in the opposite direction from the 
UCR, which is always reported as 
acceleratory, a situation seemingly with- 
out parallel in the conditioning of striate 
and other visceral responses. Therefore, 
the significance of the deceleratory 
response is still not understood. None- 
theless, the positions of Lacey and of 
Zeaman and Smith appear at this time 
to merit further evaluation. Among 
other things, the peripheral and central 
processes involved with the UCR would 
appear necessary to study. 

Recently, Geer (1964) has suggested 
that the deceleratory heart-rate change 
observed during conditioning is nothing 
more than the orienting response to the 
CS. This position is not supported by 
the present study. An assessment of 
such effects, based on the heart-rate 
response both to the first adaptation 
trial and to the sensitization control 
for the less intense UCS, reveals a 
significant deceleratory response which 
peaks at the fifth second and which has 
become a small nonsignificant accelera- 
tory response by the eighth second. In 
contrast, the deceleratory response on 
test trials has a longer latency, 2 larger 
amplitude, and a longer duration with 


both intensities of the UCS. 
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, Wood and Obrist (1964) have ques- 
tioned the suitability of differential con- 
ditioning to assess sensitization effects 
and have suggested that the CS— might 
be significantly influenced by stimulus 
generalization from the CS+. Data 
from the present study also support this 
possibility. For example, there was no 
heart-rate change to the CS— during 
conditioning for the higher intensity 
UCS saline condition, even though a 
reliable deceleratory response was ob- 
served in the same condition during 
adaptation and to the CS— during 
conditioning for the less intense UCS 
saline condition. Respiration did not 
appear to be a significant factor. Also, 
based on the adaptation data, the mag- 
nitude of the sensitization effect (i.e., 
influence of UCS intensity) appears to 
be directly related to the magnitude of 
the deceleration. Stimulus generaliza- 

tion appears to be a possible basis for 

this lack of response to the CS— during 

conditioning since it would be expected 

to be greater with the more intense UCS. 

In part, the failure of the initial accelera- 

tory response to differentiate on test 

trials between the less and more intense 

UCS when the vagus was intact could 

be attributed to the failure to assess 


sensitization effects. 
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Correction-choice groups performed more or less as predicted by a 


probability-matching 


mathematical 


model of Estes. Free-choice 


groups did not “learn” to choose one alternative more frequently, but 
their response patterns were not random. 


This study was conducted to deter- 
mine what effects forced training trials 
interspersed among choice trials might 
have on two-choice probability learn- 
ing. Further, the effect on choices of 
the correction procedure implicit in a 
"wrong" choice in most determinate, 
noncontingent, probability-learning 
situations was evaluated by surrepti- 
tiously letting some groups of Ss 
as rn correct on choice trials, 
e mecs Ce of Ss actually had 
cic NOE EUR when a wrong 

ade. Additionally, it 
was thought that the use of forced 
trials might prove to be of consider- 
able advantage in the analysis of 
probability learning since it would be 
possible to ensure that all Ss had made 
any designated number of responses 
to each alternative immediately pre- 
ceding any choice trial, and the 


iThis study i5 based on a dissertation 
submitted to the Graduate School, North- 
western University, in partial fulfillment of 
the requirements for the PhD degree. The 
writer gratefully acknowledges the 
guidance and encouragement nem 
Winfred F. Hill, chairman of his dissertation 


committee, and by Carl P. Duncan, — 
Erlebacher, and William A. Hunt, members. 


most 


interspersed forced trials would sepa- 
rate choice trials so that stimulus 
traces from one choice would not 
directly overlap with the next choice 
trial. 


METHOD 


Let A, represent the response of predicting 
or selecting Ei, the more frequently reinforc- 
ing event; 4» the response corresponding to 
Es, the less frequently reinforcing event; and 
A, and E; these response and reinforcing 
events collectively. 

Apparatus.—A beaver-board screen sepa- 
rated the apparatus visible to S from the 
apparatus visible to E. On S's side of the 
screen was a plywood box with two red 
jewel lights and two toggle switches mounted 
centrally on the side facing S. The lights were 
side by side and the toggle switches were 
directly under the lights. The apparatus on 
Es side of the screen was a small console 
PNE uU ae et 
to 8 s stimuli to S and to 
indicate Ss choices. A buzzer was located 
externally on the console and muffled. The E 
could present the buzzer alone or the buzzer 
simultaneously with either or both red lights 
on S’s side of the screen. The S could 
simultaneously turn off the buzzer and red 
light or lights by depressing only one or 
either of the switches on his side of the 
screen, as programed by E. A constant- 
speed, synchronous 10-rpm electric motor was 


A3 
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wired to the starter circuit of E’s console so 
that a new trial was started every 6 sec. 

Subjects —The Ss were 200 students from 
undergraduate psychology courses at North- 
western University who volunteered for the 
experiment to satisfy laboratory requirements 
for participating in psychological experiments. 
They were assigned to experimental condi- 
tions, described below, in the sequence in 
which they appeared to be tested. 

Procedure.—AM Ss, following an explana- 
tion of the equipment and procedures, were 
given two practice trials and tested individ- 
ually. Each S in the experimental groups was 
given 341 consecutive trials. On each trial, 
S's task was to guess which switch would turn 
off the buzzer, depress the switch he had 
chosen, and correct himself if the buzzer did 
not go off immediately. On the first 30 trials, 
the buzzer was presented alone without any 
accompanying lights, there was a 50:50 ratio 
of reinforcement, and the sequence was ran- 
dom. The same procedure was continued for 
20 more trials with the exception that the red 
light above the correct switch was illuminated 
on alternate trials. The red light was illumi- 
nated on even trials for half the Ss and on odd 
trials for the other half. These 50 trials were 
given in order to bring all Ss to the same 
pattern of random choices before entering the 
291 selective learning trials, to instill in S the 
expectation that only one choice would be 
correct on the free-choice trials that were to 
follow, and to permit S to learn that the 
switch below the illuminated light always 
turned off the buzzer, while the other did not. 
These 30 trials will hereafter be referred to as 
retraining trials, 

. The .291 selective learning trials were 
divided into blocks of 10 trials, except for the 
last block which contained only 1 trial. The 
first trial of each block was a choice trial and 
= {oltowing 9 trials were forced. 

rials 1 and 291 were choice tri 


30 choi ials į 5 
red light -—- in all On forced trials, the 


would turn off the buzz 


Since 


off the buzzer. Both 
lights was illuminated 
(see below). Neither of th 
illuminated on correction-choice tr 

In the comparable control con 
Ss were given the 50 pretrai 


ights was 
als, 


ditions, all 
mng trials 


followed without a break by 30 consecutive 
choice trials. 

Groups.—There were two different proba- 
bilities (.70 and .90) for the relative frequency 
with which E; occurred and three experi- 
mental groups corresponding to each of the 
probabiliti One of the groups at cach 
probability level was a free-choice group 
(designated FF) with two lights on choice 
trials, another was a frec-choice group (F) 
without lights on choice trials, and the third 
was a correction-choice group (C). Thus, 
there were six experimental groups, con- 
stituting a 3 X 2 factorial design. In addi- 
tion, there were four control groups. One 
control group (FFc) had both lights illumi- 
nated on its 30 consecutive free-choice trials, 
and another group (Fc) had no lights on its 
30 consecutive free-choice trials. Two cor- 
rection control groups (Cc), one at each 
probability level, received 30 consecutive 
correction-choice trials. "The 10 groups and 
their experimental and control conditions are 
summarized in Table 1. 

Sequence.—All sequences for the presenta- 
tion of the E; were constructed for these 
conditions by the use of a table of random 
numbers with the restriction that the exact 
relative frequencies of reinforcement had to 
be maintained within a block of 10 trials (1 
choice and 9 forced) in the se 'ctive-learning 
stage. Three different sequences were con- 
structed for the 50% trials, and three different 
sequences were constructed for e 
frequency of reinforcement. The sequences 
were represented | approximately equally 
among all six experimental groups. Each .S 
in Groups 70Cc and 90Cc had a different se- 
quence of three consecutive 10-trial blocks 
selected from the three series. Except for the 
50% condition, no sequences were required 
for the free-choice control groups, FFc and Fc. 

In addition, two subsequences were con- 
Structed for each series within each reinforce- 
ment condition. These subsequences ur 
labeled 4; and A» subsequences. In the, ls 
subsequence, responses on all choice trials 
were assumed to be Ai, and in the Az subse- 
quence, it was assumed that all responses on 
choice trials were Az. In the actual ad- 
ministration of the sequences, both sequences 
Were used for any particular S according to 
the response on choice trials. For example, in 
the case of free-choice groups, if S's response 
was A; on the first choice trial, the sequence 
of forced choices from the first block of the 4, 
list followed ; if his second choice response was 
Az then the sequence of forced choices from 
the second block of the A, subsequence 
followed, etc. 


ach relative 
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TABLE 1 

EXPERIMENTAL AND CONTROL CONDITIONS 
Group P(E) iii fus d Dui uds Type Choice Trials 
70FF .70 261 30 Free, 2 lights 
90FF .90 Zot 30 Free, 2 lights 
70F -70 261 30 Free, no lights 
90F 90 261 30 Free, no lights 
FFc = 0 30 Free, 2 lights 
Fe = 5 0 30 Free, no lights 
70C .70 Zot 30 Correction 
90€ .90 261 30 Correction 
70Cc 70 0 30 Correction 
90Cc .90 0 30 Correction 


Note.—20 Ss per group. 


The A: and Az subsequences were ad- 
ministered in essentially the same manner to 
Ss of the correction-choice groups. ‘The only 
difference was that E selected in advance the 
appropriate E; for choice trials. Two se- 
quences of choice trials were created for each 
series; one of the sequences began with E; on 
the first choice trial, and the other sequence 
began with E». The relative frequency of 
reinforcement prevailing on the forced trials 
was maintained within a block of 10 consecu- 


tive choice trials. 
For half the Ss, E, was on the right; E; was 


on the left for the other half. 


RESULTS 


The relative frequency with which 
each group chose Æ, in blocks of 5 
choice trials and over all 30 choice 


trials is shown in Table 2. Table 2 
also shows the variance within groups 
of the number of times individual Ss 
chose E, over the 30 choice trials. 
The distribution of Ss according to the 
number of times they chose E; is 
shown in Table 3. The striking 
features of these distributions are the 
trimodal distributions for the free- 
choice groups, which is especially 
pronounced in the 90% groups; and 
the high modal values for the correc- 
tion-choice groups, which are also 
most pronounced in the 90% groups. 
Chi-square tests of independence con- 
firmed the fact that the distribution 
of Ss at each reinforcement level was 


TABLE 2 


RELATIVE FREQUENCY (PERCENT) AND VARIANCE OF FREQUENCY OF A; RESPONSES 
on CHOICE TRIALS BY GROUPS 


Blocks of 5 Choice Trials All 30 Choice Trials 
‘ou. 

Group 1 2 3 4 5 6 M s 

MM " 
Sone 50 51 51 57 53 55 52.8 122.871 
2 33 54 59 58 52 48 54.0 141.537 
90F E 37 40 49 47 50 44.3 85.168 

37 36 33 38 40 37 36.8 | 146.871 

90F i 45 54 51 56 49 50.5 | 55.397 
FFc $6 53 55 51 52 52 53.2 58.903 
Fc E 60 57 68 69 69 63.0 20.200 
70C ? 91 87 92 87 94 84.0 5.116 
90C 5 46 58 56 58 51 54.7 15.305 
70Cc » 69 16 84 85 90 71.2 5.292 
90Cc 
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TABLE 3 


DISTRIBUTION OF Ss WITHIN GROUPS ACCORDING TO NUMBER 
OF 44, RESPONSES ON CHOICE TRIALS 


No. of A1 Responses 


Group = = = 
| 0-5 6-10 | 11-15 16-20 | 21-25 26-30 

70FF 4 | 3 4 1 2 6 
90FF 5 | 1 H | 0 3 7 
70F 5 3 3 | 3 | 4 2 
90F 11 0 3 0 | 0 6 
FFc 2 1 10 | 4 | 1 2 
Fe 2 0 9 | 4 | 1 4 
70C | 0 1 4 6 8 1 
90C 0 0 0 0 9 11 
70Cc 0 | 0 8 9 2 1 
90Cc 0 0 0 | 2 16 2 


dependent on the type of choice 
procedure used. Accordingly, further 
analyses of results were conducted 
separately for the correction and free- 
choice groups. 
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Correction-choice groups—Vigure 1 
presents the performance curves of 
the correction-choice groups (70C 


and 
90C) and their respective control 


groups (70Cc and 90Cc). 
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curves were generated by an equation 
given by Estes (1959, p. 411). The 
value of P, at the beginning of selec- 
tive learning was taken to be 50€; in 
both cases, since the effect of the 
pretraining trials was to bring the 
mean probability of an A, response to 
.542 for Ss in both experimental 
groups combined. The value of 8 for 
Group 70C was found to be .095 and 
that for Group 90C was 222. ‘The 
equation for calculating the smooth 
curve of Group 70C was 


Pm = -7 — (.2)(-905)8"— 
and that for Group 90C was 


Pm = 9 — (.4)(.778)8"", 


where m is the ordinal number of a 
block of three trials. 

An analysis of variance for trends 
(Edwards, 1960) of the correction 
groups is presented in Table 4. The 
results were broken down into six 
blocks of five choice trials for this 
analysis. The main effects of rein- 
forcement and training are significant 
in both their linear and quadratic 
components. The significant inter- 
action of reinforcement with blocks 
results because the learning curve for 
the combined 9096 groups is more 
accelerated than the curve for the 
combined 70% groups, and because 
the configuration of the two curves 
differs. The significant interaction of 
training with blocks arises almost 
solely from differences in curve con- 
figurations between the combined 
experimental and combined control 
id from the fact that both 
learning curves show slight 
a monotonic growth 
ple interaction is not 


groups à! 
of these 
reversals from 2 
function. The tr! 
significant. 
The effec 
on S's response on 
was evaluated by con 
ditional probabilities 


t of forced training trials 
any Choice Trial n 
aputing the con- 
between Forced 


TABLE 4 
ANALYSIS OF VARIANCE (TRENDS) OF 
FREQUENCY Or 44; RESPON: FOR 
Correction GROUPS 


Source df | MS F 
Between Ss (79) | 
Reinforcement (R) 1 | 141.919 | 74.8510% 
Training (T) 7 9.099** 
RXT = 
pes 
11.784*59 
| 50.464*** 
Quadratic | 8.389%" 
Residual án 
RXB 7.146*9* 
Linear 18.2149" 
Quadratic 5.816* 
“ubic [peer 
Residual "c 
xB 3.099** 
Linear — 
Quadratic — 
Cubic 7.4805 
Quartic : BS 
Residual — 
RXT XB = 
Ss/Groups X B 
Linear 
Quadratic 
Cubic. 
Quartic 


a Residual 1 is the Ss/Groups X B sum of squares 
less those for linear and quadratic components; Resid- 
ual 2 is the Ss/Groups X B sum of squares less those 
for linear, ratic, and cubic components; Residual 
3 is the Ss/Groups X B sum of squares less all com- 
ponent sums of squares. 

* p< .05. 

** pZ 01. 
*** p < .001. 


Trial z—1 and S's choice on Trial n. 
Sequential dependencies in S’s choices 
and the effect of a choice and its out- 
come on a succeeding choice were 
evaluated by computing the condi- 
tional probabilities between the joint 
events, A,;E; on Trial n—10 and the 
choice on Trial z. Only the effects of 
a preceding forced or choice trial were 
evaluated since previous research sug- 
gests that the information in S's re- 
sponse is related, primarily, to the 
immediately preceding event (Ander- 
son, 1960; Jarvik, 1951). 

Conditional probabilities will be 
written in the form, P(A,;, Ej), and 
will be read, “The probability of an 
A; given an E," Joint events will 
be written in the form, A4;E;, and 
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the probability of a joint event will be 
written, P(A;E;). The conditional 
probability between a joint event and 
a succeeding choice will be written, 
P(A; A;E;), and will be read, ‘‘the 
probability of A; given the joint 
event A;E;." 

The conditional probabilities be- 
tween a given reinforcing event on 
Trial 1—1 and a choice on Trial n are 
shown separately in Fig. 2 for the 70 
and 90% groups according to suc- 
cessive thirds of the selective learning 
trials. The P(A, Ej) are shown by 
solid lines and the P(Ai Es) are 
shown by dashed lines. The corre- 
sponding curves of P(A», Ej) and 
P(A», E») are complements of these 
curves and are not shown. 

The conditional probabilities be- 
tween a given joint event on Trial 
n—10and an A; response on Trial z are 
shown in Fig. 3 for Group 70C and in 
Fig. 4 for Group 90C. The condi- 
tional probabilities of A», given these 
joint events, are not shown since they, 
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Fic. 3. Curves of the conditional proba- 
bility of 4; following the joint occurrence of 
response and reinforcement (A i:E;) on choice 
trials in Group 70C. 


too, are complements of the curves 
shown. 

. Free-choice £rowps.—lt was felt 
justified on the basis of evidence 
presented by Boneau (1960) to con- 
duct a parametric analysis of the data 
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Fic. 4. Curves of the conditional proba- 
bility of 4, following the joint occurrence of 
response and reinforcement (A4;E;) on choice 
trials in Group 90C. (No joint events Ack, 
occurred in the second block of trials.) 
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for the free-choice groups. An anal- 
ysis of variance for trends, similar to 


that for the correction groups, was 


made for the six free-choice groups. 
nforce- 


The main variables were ret 
ment and lights (the presence or 


absence of red lights on choice trials). 
The effect of training (interspersed 
forced trials) vs. no training was not 
considered as a separate dimension 
since there seemed to be no consistent 
relationship on this variable. The 
control groups were therefore included 
in the analysis as a level of reinforce- 
ment. The effects of lights or no 
lights on free-choice trials, on the 
other hand, appeared as if it might 
possibly be significant. Thus, there 
were three levels of reinforcement— 
“control,” 70, and 90°¢—for the 
analysis, and at each level of rein- 
forcement there was one group which 
had two lights on free-choice trials 
and another which had no lights on its 
free-choice trials. Neither the main 
effects nor their interactions were 
statistically significant. The effect 
for blocks was very small (F = 1.133) 
and none of the interactions of the 
main effects with blocks reached 
statistical significance. Separate ¢ 
tests were conducted for each of the 
experimental groups against the null 
hypothesis that the mean number of 
‘A, responses per S over all 30 choice 
trials did not differ from a random 
(50%) choice of the E; alternative. 
In no case could the null hypothesis be 
rejected at the .05 level of probability. 
The conditional probabilities be- 
tween a response class on a choice 
trial and either reinforcing event - 
the preceding forced trial was merely 
the probability of the dein trial 
Since any choice on 4 Chore din 
was reinforced with the correspon E 
event for the free-choice ep pli 
A; and the E; were always = "int 
on any choice trial, and the J 


events that could occur on any choice 
trial were AE; and AE». Therefore, 
the conditional probability between 
the occurrence of a joint event on 
Choice Trial z?2— 10 and S's choice on a 
succeeding Choice Trial 7, can be 
stated as the probability of a repeti- 
tion. These were calculated for all 
experimental groups by blocks of 10 
trials, and it was found that the proba- 
bilities for the repetition of A; and A» 
responses were independent of each 
other and reflected in the same way 
a general trend toward more or 
less stereotopy in responding. These 
probabilities were within a range of 
.60-.80 for the 70% groups and within 
a range of .70-.90 for the 90% groups 
(with one minor exception). 


DISCUSSION 


It would appear that the statistical- 
learning model used here adequately pre- 
dicts the general shape of the overall 
mean learning curves and the asymptotic 
level of responding of the correction- 
choice groups even when most of the 
training trials are forced and learning can 
be considered a transfer task from an 
acquisition task with 50% reinforcement 
of each alternative. Systematic trends 
between preceding events and responses 
on choice trials are observed, however, 
in Fig. 2, 3, and 4. Early in training, S's 
choice depends considerably on the 
choice and outcome on an earlier choice 
trial as revealed by the differing proba- 
bilities of A; in Fig. 3 and 4, given the 
various joint events on Trial n—10. It 
is only in the last third of training in 
Fig. 3 and 4 that the probabilities of A, 
become relatively independent of the 
joint events on Trial n—10. However, 
in the last third of training, Ss also begin 
to rely more on the immediately preced- 
ing event programed by Æ in making a 
new choice. The curves in Fig. 2 suggest 
that 4; responses begin to occur with a 
probability greater than P(A1) when the 
preceding event is Ei, and the probability 
of A, responses actually begins to decline 
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when the preceding event is Ea Eventu- 
ally, it may be that Ss go through other 
changes in strategy until they give up 
trying to predict the less frequent event 
and maximize hits by giving only A, 
responses (Edwards, 1961). 

It was shown that the presence or 
absence of lights on choice trials made no 
difference for the free-choice groups. In 
either case, they seemed to show no 
"learning." Therefore, the succeeding 
discussion will ignore the differences in 
lights on choice trials for the free-choice 
groups. Since both the correction and 
free-choice groups were treated iden- 
tically with respect to pretraining and 
forced trials, their differences in perform- 
ance can only be attributed to differences 
in treatment on choice trials, The effect 
of different choice procedures, devoid of 
the influence of forced trials, can be seen 
in the performance of the control groups. 
Except for rate, correction-choice control 
groups showed learning trends similar 
to the experimental correction-choice 
groups. The free-choice control groups, 
like the experimental groups, showed no 
learning. 

Closer inspection of the performance 
of the 40 free-choice control Ss revealed 
that 10 Ss perseverated Position re- 
sponses and 10 Ss perseverated patterns 
of single, double, and triple alternations 
over the 30 trials. Such persistent 
strategies were not seen in the correction- 
choice control groups. 

In contrast 
the free-choice 
80 Ss in the four free 
groups adopted 
nation pattern 


other hand, there was a great tendency 
for Ss in the free-choice experimental 
groups to repeat choices (Table 3). 
Thus, the effect of the forced trials was 
to eliminate alternation tendencies and 
strengthen the tendency to repeat re- 
sponses. This trend was more evident in 
the 90% groups. 

In conclusion, it can be stated that a 
probability-matching type of learning 
took place when correction procedures 
were used on choice trials and that this 
learning was more rapid when 
training trials were interspersed among 
the choice trials. When S was always 
correct on choice trials, no preferential 
choice of any alternative was shown by 
groups, even when forced training trials 
were interspersed among the choice trials, 


forced 
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PAIRED-ASSOCIATES LEARNING WITH VARYING 
RELATIVE PERCENTAGES OF OCCURRENCE 
OF ALTERNATIVE RESPONSE MEMBERS: 
INFLUENCE OF INSTRUCTIONS? 


ALBERT E. GOSS 


University of Massachusetts 


Acquisition 
for 4 relative perce 
(RP) combined with 
maximizing instructions. 


Under all 


and performance with divergent PA units were determined 
ntages of occurrence of alternative response members 
4 list conditions under matching, regular, and 


3 instructions and irrespective of 


RP, percentages of anticipations and actual occurrences of more frequent 


response mem 
constant, short, 


bers were essentially the same for a single unit presented at 
and at variable, long interunit intervals. 


With RP of 


70-30, 80-20, and 90-10, for a single unit presented with randomly 


paired interve 


ning stimuli and for 4 units, matching instructions reduced 
differences between anticipations and actual occurrences. 


Maximizing 


instructions increased those differences but did not occasion 100% 


anticipation. 


Considered together, the three ex- 
periments reported here provide in- 
formation about effects of different 
sets of instructions on acquisition and 
performance with divergent paired- 
associates (PA) units. These units 
were each constituted of a stimulus 
member and two response members, 
one of which accompanied the stim- 
ulus member on P% of its occurrences, 
the other of which accompanied the 
stimulus member on (1 — P)°% of its 
occurrences. Relative percentages of 
occurrence of alternative response 
members (RP) were varied as were 
list conditions which represented dif- 
ferences in number of units and 
manner of presentation of single units. 

One reason for varying instructions 


1 Supported by Contract 2691(00) be- 
tween the Office of Naval Research, Training 
and Personnel Branch, and the University of 
Massachusetts. Marilyn, E aageman € 
aborate one experiment. Nancy C. 
Hope e recat for running half of 

- the Ss of that experiment and all of those of 
the other two. She and Helen L. Rowell 
contributed to analyses of the um of a 
latter experiments and of all three expe Ps P à 
combined as well as to preparation 0 the 
manuscript. 
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was empirical: to determine direction 
and extent of effects of different sets 
of instructions on acquisition and 
performance both across RP and list 
conditions and for different RP and 
list conditions alone and in combina- 
tion. Another reason for varying 
instructions was theoretical: to deter- 
mine whether or not theories to ex- 
plain. acquisition and performance 
with divergent PA units need be 
elaborated to allow for effects of 
instructional variables. The z-choice 
or probability-learning task (Estes, 
1964) can be considered a special case 
of divergent PA units. Therefore, 
findings of effects of instructional 
variables on acquisition and perform- 
ance with divergent PA units might 
have interesting and important rami- 
fications for theories of probability 
learning. 
METHOD 


Design.—Three different sets of instruc- 
tions were combined orthogonally with RP 
of 60-40, 70-30, 80-20, and 90-10 and with 
list conditions of 4 units or 1 unit and three 
different manners of presentation of the 
single unit. The three different manners 
were with a constant 2-sec. interval between 
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each presentation of the single unit; ath 
intervals from 2 to 38 sec. ae m 
entations about a mean of 20 Segan wit 
intervals from 2 to 38 sec. between m 
entations about a mean of 20 sec., but wit 
the intervals filled by presentations of tan 
domly paired stimulus and response members. 
These different manners of presentation are 
described in greater detail by Goss and 
Sugerman (1961). Coded by them as 1 unit, 
1 unit spaced, and 1 unit random, they are, 
henceforth, coded here as 1, AS, and 1R, 
respectively. The 4-unit list is coded here 
as 4. . . 

The three different sets of instructions are 
referred to as regular, matching, and maximiz- 
ing. The regular instructions were those 
employed for acquisition with conventional 
PA units of each stimulus member accom- 
panied by but one response member. The 
Ss were not informed that each stimulus 
member would be accompanied by two 
alternating response members. Nor were 
they told the manner in which they should 
anticipate those members except to spell out 
the stimulus they expected to occur before 
the response member was exposed. . 

The matching instructions involved in- 
forming Ss that each stimulus member would 
be accompanied by two response members 
which would alternate. The Ss were told 
further to anticipate the response members 
with frequencies which were the same as the 
actual frequencies of occurrence of those 
members. The maximizing instructions also 
involved informing Ss that each stimulus 
member would be accompanied by 
members which would alternate. They were 
told further, however, to always anticipate 
the more frequent response member of a unit. 

The design was accomplished in three 
successive experiments, The first experiment, 
with regular instructions, has been described 
previously (Goss & Sugerman, 1961). Once 
acquisition and performance with divergent 
PA units under regular instructions had been 
determined for RP and list conditions alone 
and in combination, comparisons with- ac- 
quisition and performance under other sets 
of instructions were warranted and desirable. 
The second experiment was with matching 
instructions and the third experiment was 
with maximizing instructions, 

Goss and Sugerman varied R 
to 100-0 in successive changes of 10%. Since 
instructions to match or to maximize are of 
little or no consequence for RP of 50-50 p 
100-0, these levels were omitted in the two 
later experiments. Except for the omission 
of RP of 50-50 and 90-10, the only known 
differences between the first experiment and 


response 


P from 50-50 


the two later experiments were in the times 
the experiments were run and in Es. The 
former experiment was run during the spring 
of one year, the experiment with matching 
instructions was-run in the fall of that year, 
and the experiment with maximizing instruc. 
tions was run in the spring of the Next year, 
There is no reason to believe that Ss of the 
three experiments, who were drawn from 
among undergraduates enrolled in the course 
in introductory psychology during those 
semesters, differed in any ways related to 
aci ition with divergent PA units, 
e Ss in the Goss and Sugermar 
ment were run by two female Es. No differ- 
ences attributable to Es were observed., In 
the two later experiments, one of these Es ran 
all of the Ss. , 
Lists.—The divergent PA is were con- 
stituted of CVCs of high meani gfulness and 
low formal similarity to cach other, 
units were wom accompanied by TE 
LIK, RUF by CEN or DOL, FES b 
and NAV by non or sur. When Presented as 
four units, TEX, DOL, VIC, and HOB all occurred 
on 60%, 70%, 80%, or 90% and LIK, CEN,’ 
BAL, and SUR all occurred on 40%, 30%, 20%, 
or 10% of the presentations of the 
members, or the converse. 
as 1 unit, which response 
more frequent was 


n experi- 


The 
t or 
Y VIC or BAL, 


ir stimulus 
When presented 
member was the 
also counterbalanced, 
Goss and Sugerman (1961) describe other 
details of the lists and of the semirandom 
orders of presentation of the units. 
Apparatus and brocedure.—A Hunte 
master was employed to 
the rate was 2:2 sec. 
with the 4-unit lis 
on each trial 
of the single 
conditions. 
Subjects.—Within each 
were 16 combinations of R 


tions. These combinations were administered 
in counterbalanced cycles until the requisite 
number of 8 Ss within each had been reached. 
Assignment to each combination was in order 
of Ss’ appearance within a constraint of equal 
numbers of.males and females within each 
combination. There were 128 Ss within each 
experiment, for a total of 384. All Ss were 
naive with respect to exposure to lists of 
divergent PA units. Some Ss within. each 
experiment, however, had served previously 
in other experiments with conventional PÀ 
units. 


r card- 
present the units; 
There were 120 trials 
ts with all units presented 
; there were 120 Presentations 
units under the 1, 1S; or 1R list 


experiment there 
P and list condi- 


RESULTS AND Discussion 


As previously, the response measure 
was percentage of anticipations of the 


en 
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TABLE 1 


ANALYSES OF VARIANCE ON PERCENTAGES OF ANTICIPATIONS OF THE MORE 
SER FREQUENT RESPONSE Y EMBERS DURING ALL SIN AND 


THE Last THREE 


BLOCKS or TRIALS 


EN All Six Blocks j Last Three Blocks 
ii df | MS | F df MS F 
| -7 - 

: 2,45 | 397 | 9 2,232.75 7.11% 
greater (1) 3 | 89732128 | Mio | $ | 41,646.13 | 13261% 
re ditions (L) | 3 2,313.31 3.74* 3 4,690.09 14,93** 
ist conditions (L) | S 1,929.71 | — 312 6 1,302.86 dise 
Lis | 6 | 101972 fe | § | Bae 1.85 
i E: 5 I 9 767.16 | 1.57 9 | 55378 1.76 
Dx RP 3€ Ti, 18 488.34 18 | 334.82 1.07 

Error (b) 336 618.47 | " " 330 314.04 - 
Trials (T) | ““s | 37,02044 | 327.20¢ 360.30 6.17 
TXL” | a10 197.79 1.72 4 45-41 ] 
TXRP | 45 161.09 1:40 6 | 90.05 1.54 
TXI | 15 3,039.13 26.39** 6 | 119,23 2.04 
TXIxRP | 8 86:36 | 12 | o argo 
TXIXI 30 158.70 1.38 12 56:32 
TXRPXL 45 | 17226 | 50* 18 30.04 
TXIXRPXL| 90 | 11705 1.02 35 | 85.91 147* 

Error (w) 1672» | 115.16 | | 664 58.38 


28 estimated values subtracted from df. 
*p < 05. 


EA E lon: 


more frequent response members dur- 
ing successive blocks of 20 trials. For 
brevity, means of percentages for 
successive separate blocks of trials are 
not shown. Means of percentages 
during the last three blocks of trials 
combined are presented at the top of 
each rectangle of Fig. 1. Means of 
percentages of anticipations are first 
examined in differences 
among their absolute values through 
as functions of in- 
and list conditions, 
extent of differences 


Table 1 summa- 
rizes analyses of Variance on percent- 


ages of anticipations during each of 
all six and the last three blocks of 
trials. In each analysis, the F for 
instructions was significant. Both 
across all six and the last three blocks 
of trials, differences between anticipa- 
tions under matching and regular 


SS ee 


instructions were slight. Fewer an- 
ticipations occurred under both of 
these sets of instructions than under 
Maximizing instructions, Both of the 
highly significant Fs for RP reflected 
the direct relationship between per- 
centages of anticipations and of 


actual 
Cccurrences of the more frequent 
response members found in other 


experiments (Brown, 
Voss, 1962; Voss, 

Keegan, 1959). The Significant Fs 
for list conditions are considered 
below in connection with effects of 
trials, 

The Fs for | X RP were also 
Significant. For all six and for the 
last three blocks of trials, percentages 
of anticipations were in the order 
regular < matching « maximizing 
with RP of 60-40 and 70-30, in the 
order matching < maximizing < reg- 
ular with RP of 80-20, and in the order 
Maximizing < matching < regular 
with RP of 90-10. None of these 
Orders is the same as the Overall order 


Osterhout, & 
Thompson, & 
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for instructions of matching = regular 
< maximizing. 

Neither of the Fs for | X L was 
significant. Across all six blocks of 
trials, maximizing instructions pro- 
duced more anticipations than did 
regular or matching instructions for 
all but the 1 list condition. Across 
the last three blocks of trials, maxi- 
mizing instructions produced more 
anticipations than did matching and 
regular instructions for all four of the 
list conditions. Thus, while the 
higher percentages of anticipations 
under maximizing than under match- 
ing and regular instructions suggested 
by the overall Fs for instructions did 
not hold at each RP, with the one 
exception, the higher percentages did 
hold for each list condition. 

Examination of the rank orders of 
means for each of the 16 combinations 
of RP and list conditions under the 
different instructions also indicated 
that maximizing instructions did, in 
general, produce more anticipations 
than did regular or matching in- 
structions. However, neither of the 
Fs for 1 X RP X L was significant. 

The highly significant / for trials 
through all six blocks reflected a 
typical negatively accelerated increase 
in percentage of anticipations of the 
more frequent response members. 
The F for trials through the last three 
blocks was also significant. More 
anticipations occurred during Trials 
101-120 than during Trials 61—80 for 
which the mean was slightly higher 
than the mean for Trials. 81-100. 
Ilowever, none of these differences 
was sufficient to be of practical im- 
portance or to vitiate the subsequent 
treatment of the last 60 trials as 
essentially homogeneous. . 

The significant T SL interaction 
for all six blocks was attributable to 
higher percentages of anticipations 
with the 1 and 1S list conditions than 
with the 1R and 4 list conditions 


during Trials 1-20, and the converse 
during the last four blocks of trials. 
The pattern of this interaction sub- 
stantially accounts for the difference 
between the orders of the list condi- 
tions across all six and across the last 
three blocks of trials. Across all six 
blocks, the initial advantage of the 
1S list condition was sufficient to 
produce the order 1 < 1R <4 < 1S. 
During the last three blocks, however, 


the order was 1 «IS < IR = 4. 
Both Fs for list conditions were 
significant. 


The significant T X RP X L inter- 
action reflected a greater reversal in 
the advantage of the 1 and 1S to the 
1R and 4 list conditions between 
Trials 1-20 and the last four blocks of 
trials with RP of 60-40 and 70-30 
than with RP of 80-20 and 90-10. 

For the last three blocks of trials, 
only one interaction involving trials 
was significant. However, the pattern 
of changes through trials precluded 
meaningful interpretation of this 
interaction. 

-lnticipations and actual occurrences. 
—Figure 1 indicates the direction and 
extent of differences between percent- 
ages of anticipations of response 
members and their actual occurrences. 
The heterogeneity of the variances 
among the combinations of instruc- 
tions, RP, and list conditions was not 
considered an important limitation on 
interpretation of the outcomes of the 
analyses of variance. But such heter- 
ogeneity seemed an important limita- 
tion on assessment of differences 
between percentages of anticipations 
and of actual occurrences. Accord- 
ingly, a two-tailed ¢ (7) was computed 
for each of the 48 combinations with 
an error term based on the SD for 
that particular combination. Differ- 
ences significant at p € .05 are noted 
in Fig. 1. 

Under all three sets of instructions, 
only 2 of the 24 t's for RP combined 
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with 1 and 1S list conditions were 
significant. Under matching instruc- 
tions, 2 of the 8 /'s for RP combined 
with 1R and 4 list conditions were 
significant. In contrast, under regular 
and maximizing instructions, respec- 
tively, 5 and 6 of the 8 /s for RP com- 
bined with 1R and 4 were significant. 


The pattern of nonsignificant and 
significant /'s, in conjunction with the 
outcome of the analysis of variance for 
the last three blocks of trials, supports 
four conclusions. First, regardless of 
instructions, during the last three blocks 
of trials percentages of anticipations for 
combinations of RP with 1 and 1S list 
conditions matched actual percentages of 
occurrence. Two significant /'s among 
24 are best interpreted as due to chance. 
Second, regardless of instructions, per- 
centages of anticipations for RP of 60-40 
combined with 1R and 4 list conditions 
also matched actual percentages of 
occurrence. Because of the extent of the 
increase in the percentage of anticipa- 
tions over 6095, the combination of RP 
of 60-40 and the 4list condition under 
maximizing instructions may be an 
exception. 

Third, instructions to match may have 
reduced differences between anticipa- 
tions and actual occurrences for RP of 
70-30, 80-20, and 90-10 combined with 
the 1R and 4 list conditions. Instruc- 
tions to maximize may have increased 
those differences for the same combina- 
tions. The largest absolute differences 
were under instructions to maximize for 
RP of 60-40 combined with the 4 and of 
70-30 combined with the 1R and 4 list 
conditions. Thus, theories of learning 
and performance with divergent PA 
units, including theories of probability 
learning, may have to be elaborated to 
allow for effects of different sets of 
instructions. 


The Group 2 and Group 6 instructions 
employed by McCracken, Osterhout, 
and Voss (1962) resembled the matching 
and maximizing instructions of the 
present experiments, respectively. Their 


task approximated the 1 list condition 
of the present experiments; the RP was 
70-30. Under Group 2 instructions, 
percentages of anticipations of the more 
frequent stimulus were close to 7067. 
Under Group 6 instructions, percentages 
of anticipations rose to about 90%. In 
contrast, with 1 and 1S list conditions 
under maximizing instructions, anticipa- 
tions matched actual occurrences at each 
level of RP. One or more of many 
differences between the McCracken et al. 
and the present experiments in lists and 
procedures might underlie the discrepant 
outcomes. Thus, for example, main- 
tenance of instructions-induced sets may 
have been less difficult with their simple 
nonmechanical arrangement for present- 
ing the stimuli than with the complicated, 
noisy cardmaster of the present ex- 
periments. 

Fourth, regardless of any differences 
in effects of regular and maximizing 
instructions, under these instructions 
anticipations tend to exceed actual occur- 
rences for RP for 70-30, 80-20, and 90-10 
combined with the 1R and 4 list 
conditions. 
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COHERENCE DETECTION: A BASIC MECHANISM ! 


ALBERT S. RODWAN 


Emory University 


This study was designed to test 2 hypotheses about perception: the 
subjective-standards hypothesis and a coherence-detection theory. 
The stimulus set consisted of 100 plane figures. 3 Ss were required to 
decide whether the stimulus was a square or a rectangle, or later whether 
it was a tall rectangle or a short rectangle. 10 other Ss were required 
to decide whether the stimulus was a tall rectangle, a square, or a short 
rectangle. The results showed that (a) Ss were reliable, (b) the basis 
for the judgments was identical, (c) a vertical-horizontal illusion exists, 
and (d) there was no significant difference between the mean subjective 
square and the mean subjective short rectangle. The inference drawn 


is that "square" is a response label and not a perceptual category. 
q percep gory. 


Hake, Rodwan, and Weintraub (in 
press), and Rodwan and Hake (1964), 
and Rodwan (1964) have offered evi- 
dence for the argument that percep- 
tion is a coherence-detecting system. 
Coherence detection is a technique 
used by communication receivers 
which enables them to separate signals 
from noise whenever a correlation can 
be established between some com- 
ponents of a noisy signal and a stand- 
ard of comparison. ln perception, one 
such standard may be a subjective 
one, i.e., a memory, and the correla- 
tion is between the presented stimulus 
set and a set of perceptual (memory) 
categories. On the other hand, the 
correlation among different compo- 
nents of the stimulus objects may 
produce a standard. The second posi- 
denies the need for memory for 
perceptual categories, at least insofar 
as perception 1$ concerned. 

William James (1963) in his abridge- 
ment of the two-volumed Principles of 
Psychology, saw no need to per 
“a general law” of perception, which 
has its adherents today. He said 
“while parts of what we perceive come 


through our senses from the object before 
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us, another part (and it may be a 
larger part) always comes out of our 
mind [italics his] [p. 294]" He 
pointed out that there were no "pure 
sensations" and that perception was 
the interaction of the presented object 
and memory, association, and the like. 
Eriksen and Hake (1957) called this 
position the "subjective-standard hy- 
pothesis" and said that perception 
never occurs in a vacuum, that it is 
always relative, and that even though 
a stimulus may be presented indi- 
vidually, in fact, O makes a com- 
parative judgment: he compares the 
presented stimulus with a subjective 
standard. 

Two points of view can thus be 
contrasted: absolute judgments in 
perception are comparative in that 
the presented stimulus is compared 
with a subjective standard (a memory, 
schema, template, etc.) ; or, the under- 
lying mechanism for absolute judg- 
ments in perception is coherence 
detection, a process which is sensitive 
only to relationships among the at- 
tributes of the stimulus object. 

The following experiment was de- 
signed to demonstrate the existence 
of asituation which cannot be handled 
by the subjective-standard hypothesis. 


ALBERT S. 


METHOD 
Subjects.—The Ss were three under- 
graduate hology majors, one male and 


two female A requirement was that each 
have at least 20/20 vision in the right eye. 
This testing was done by means of a Bausch 
and Lomb orthorater. 

Apparatus.—The stimuli for this experi- 
ment were presented by means of a specially 
constructed three-arm tachistoscope made by 
the Ridgely Company, Champaign, Illinois. 
The maximum error for a square rectangle 
generator, located in the middle arm is .03 
mm. The stimulus figure, a rectangle in 
dark surround, was backlighted by two 4-w. 
fluorescent bulbs and was presented 
distance of 36 in. The fixation 
centered within this area, 
was used. 

Stimuli.—The set of stimuli wer 
hundred plane figures, the dimensions of 
which varied in height and width by .1 mm. 
(from 50.8 mm. to 51.70 mm.). The 10 dial 
settings for height and the 10 for width were 
combined so that 100 stimuli were presented. 
(b) One hundred planc figures, the dimensions 
of which varied by .2 mm. (from 50.8 mm. to 
52.7 mm.). Asina, there were 10 dial settings 
for height and 10 for width. 

Three combinations of judgment categories 
were used: A—tall rectangle, square, short 
rectangle; B—rectangle, square; C—tall 
rectangle, short re tangle. ch combination 
of categories was paired with a and b, thus 
generating six conditions. Each of the six 
conditions was repeated twice. Due to a mis 
understanding, however, and an error on the 
part of E, the A conditions were not recorded. 
A second experiment was performed on the 
A condition. The Proposed analysis was 
performed on the two B conditions as well 
as On the two C conditions. There were 
two orders of presentation of the conditions, 
The two female Ss viewed the stimuli with 
the conditions ordered: C, B, Ar Ay Bs Cy: 
As Bs Cs C, B, As and the male When the 


conditions were ordered: A, B, C 2 Bs Ae: 
C; Bi As A, B, C, s Eier Bus 


Procedure, — The 
were participating in an experime; 
tion involving Squares and re 
they would be asked to ma 
the stimuli presented to ther 
tachistoscope. 

A single condition Was run each day for 12 
days. At the beginning of each condition, § 
was instructed as to which Categories he was 


to use in making the judgments of the stimuli 
uli 
i.e., Cond. B or C. ji 


at a 
point is 
Only the right eye 


(a) One 


Ss were told that they 


nt in percep- 
ctangles and that 
ike judgments of 
m by means of the 


RODMAN 


One hundred and fifty stimuli were pre- 
sented in each ion, the first 50 being prac- 
tice trials. 5 S viewed the fixation point, E 
set the dials for the particular stimulus to be 
shown. When the dials were set, E called 
aloud the number of the stimulus being shown 
and at the same time depressed the switch for 
the presentation of the stimulus. The stim- 
ulus remained on for 1 sec. At the end of the 
presentation, S called aloud his judgment and 
recorded it on a data sheet, indicating the 
category chosen with the letter, SR, TR, or 
SQ, depending upon the conditions of the 
day's trials. The S then returned his atten- 
tion to the fixation point as E set the dials 
for the next stimulus. The average intertrial 
time was 9 sec. : 

Analysis.—The first type of data analysis 
in this study was in terms of d' (Swets, 
Tanner, & Birdsall, 1961). This is a measure 
of recognition which is relatively independent 
of response bias and response rates. The d 
measure assumes that S tries to maximize his 
ability to correctly recognize stimuli and at 
the same time take into account the values 
and costs of his different types of errors and 
hits (Swets et al., 1961). 

The ond type of analy 
linear discriminant function 
LDF is the behavioral analogue of a sub- 
jective decision axis and assumes that (a) S$ 
has two Tesponse categories to which he can 
assign the stimuli; (b) a stimulus is a point in 
à p space if it has p psy chological attributes; 
and (c) S a igns stimuli to categories in such 
a Way that a weighted lincar function best 

ribes his decision axis, i.e., his judgmental 

This weighted linear function is the 
` and it is that straight line which 
maximi discriminability between the two 
categories (see, Rodwan & Hake, 1964). 


5 was with the 


(LDF), The 


RESULTS 


Experiment I—The d' measures 
were computed for each replication, 
each judgment and each S, and then 
averaged. The mean d’ for the .1-mm. 
increment was -07 and for the .2-mm. 
increment was 01. The d’ was com- 
puted from a matrix whose rows were 
58' uses of the categories "square" and 
"rectangle" and whose columns were 
"square" and "rectangle" defined 
Physically. This, then, is a measure 
of the agreement between S's use of 
the responses and the physically de- 
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TABLE 1 


Trsr-RETEST RELIABILITY COEFFICIENTS 
WITHIN THE Two CONDITIONS 
UNCORRECTED FOR 
ATTENUATION 


Bi B: €i C: 
PH .97 .87 .98 .94 
LP .96 .96 .99 .99 
TS -90 99 97 .99 


fined categories. Thus Ss could not 
recognize squares and rectangles 
when defined physically. Neverthe- 
less, the results show that each S was 
responding reliably to the stimulus 
set (this has been demonstrated 
previously ; see Rodwan, 1964.) 
Table 1 presents the reliability 
coefficients separated by S and condi- 
tion. For each S and each session a 
discriminant function was derived and 
was used to give a numerical value to 
each stimulus figure. Table 1 presents 
the correlation between the dis- 
criminant values for the same judg- 
ments at two different times. These 
coefficients, then, become test-retest 
reliability coefficients. The lowest 
reliability (.87) is for PH in the 
square-rectangle condition, when the 
increment between the adjacent stim- 
uli was .2 mm., i.e., twice as large as 
the increment in the first column. 
All the other coefficients are large 
enough to be accepted as unity. 
Table 1 indicates that, in general, 
increasing the "distance" separating 
has no effect on reliability 
a .1-mm. increment is too 
ice a “correct” judgment 
square rectangle, O is quite reliably 
doing something. As a result, the 
data for the .1-mm. and .2-mm. 
increments were pooled for each S. : 
The proportion of the variance, 7, 
in the square rectangle condition (B) 
which can be accounted for on the 
basis of judgments in the tall rec- 


stimuli 
even though 
small to prodt 


tangle, short rectangle condition (C) 
is .998 for PH, .978 for CP, and .999 
for TS. That is to say, a discriminant 
function was computed for the square 
rectangle judgments and for the tall 
rectangle, short rectangle judgments. 
Then the discriminant function for 
the tall rectangle-short rectangle was 
used to predict which category S 
would assign the stimulus figures to 
in the square rectangle judgments. 
This is a ‘‘cross-prediction.”” In the 
200 judgments obtained under Cond. 
B (square rectangle), Cond. C (tall 
rectangle-short rectangle) discrimi- 
nant function was incorrect in pre- 
dicting at most three judgments for 
LP. This is very strong evidence that 
Ss were "doing the same thing" in 
both judgments, even though, on a 
priori grounds, it would appear that 
they were different judgments. 

Table 2 gives the set of computed 
T? values in testing for the existence 
of a vertical-horizontal illusion. This 
test was first presented by H. Hotel- 
ling and has been offered many times 
since (Anderson, 1958). As used here 
the test was for the differences be- 
tween the mean subjective square, as 
given by SS, and the geometric square. 
A positive vertical-horizontal illusion 
would occur when the mean for the 
subjective square was shorter than 
“it ought to be.” All the T? values in 
Table 2 are significant at the .01 level. 
It is interesting to note that 7? values 
computed for the condition where an 
increment of .1 mm. was used were 


TABLE 2 


T? VALUES COMPUTED IN THE SQUARE 
RECTANGLE CONDITION 


| PH | LP TS 
Bi 12.46 17.05 30.97 
B2 12.01 7.89 6.35 


Note.—df = 2/97. A value of 4.88 is significant 
at the ,01 level. 
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consistently larger than those for the 
.2-mm. increment. A check was made 
of this by running five more Ss only 
under this condition. In these five, 
there were three Ss who produced a 
larger 7? under a .2-mm. increment. 
Care, therefore, must be exercised in 
that it is not appropriate to decide 
from Table 2 that the vertical- 
horizontal illusion was greater for a 
-I-mm. increment. It does appear 
reasonable to infer that when an 
increment separating adjacent stimuli 
is either .1 mm. or .2 mm. (or between) 
there will be a measurable illusion. 
The values of the 72 test in a compari- 
son between the mean subjective 
"square" in Cond. B with the mean 
subjective “short rectangle" in Cond. 

were: 1* (2,77) — 2.01. for PH, 
T* (2,80) — 3.05 for LP, and T? (2, 61) 
= 2.61 for TS. All of these T? values 
were not significant. This test al- 
lowed only one decision, namely, that 
there is no difference, subjectively, 
between a “square” and a "short 
rectangle.” 

Experiment II. —This experiment is 
a repeat of Cond. A but with 10 new 
Ss. This was done since Cond. A is 
a necessary test and the data on the 
first 3 Ss were not recorded. Six 
males and 4 females were tested for 
visual acuity with the orthorater and 
had better than 20/20 vision. Condi- 
tion A differs from B and C in that § 
tall rectangle, 
square, and short rectangle. Table 3 


in testing for 


ve s the mean for 
the subjective short rectangle cate- 


gories. It was assumed that the tajl 
rectangle would differ significantly 
from the other categories. [t can be 
seen in Table 3 that only 4 Ss had 
two distinct categories and 6 had only 
one. Of these 4, 3 were significant at 
the .01 level and the fourth at the .05 


TABLE 3 
T? VALUES IN Tr 


TING FOR A DIFFERENCE 
BETWEEN THE MEAN FOR THE SQUARE 
CATEGORY AND THE MEAN FOR THE 
SHORT RECTANGLE CATEGORY 


Ss T: df 


Oo00-o0U046ut- 
N 
o 
On 


= 


M value 3.66 


Note.—The Ss had three categories: SQ, TR, and 


* p «.05. 
** 5 <.01. 


level. When averaged, the 10 Ss, as 
a group, did not discriminate sig- 
nificantly (less than -05) between 
the square and the short rectangle 
categories. 

For the 4 Ss who did discriminate, 
2 (S; and $) placed the Square cate- 
gorv between the two rectangle cate- 
gories. This was determined by 
finding the h/w for the mean of the 
Square category, The h/w for the 
mean square lay between the h/w for 
the two mean rectangles. The other 
2 Ss (S; and Sz) placed the mean for 
the square category beyond the mean 
for the short rectangle. That is to 
say, the h/w for the mean of their 
Square category was less than the h/w 
for the mean of their short rectangle 
category. Thus, only 2 Ss out of 10 
performed as the subjective-standard 
hypothesis would predict. When 
considered individually, or as a group, 
these Ss did not have three distinct 


categories although they had three 
different responses. 


Discussion 


These results imply that the sub- 
jective-standard hypothesis, with its 


E 
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notion of an internal standard or memory 
category, is inadequate in accounting for 
these data. For Ss in both experiments 
there, was, in general, no difference be- 
tween the “square” category and the 
"short rectangle" category. The con- 
clusion, then, is obvious: ‘‘square,” in 
this study, is a verbal label only and has 
no subjective referent. The data demon- 
strate that no difference exists between 
the mean for the stimuli assigned to the 
square category by S and those assigned 
to the short rectangle category for 
different judgments and at different 
times. Table 3 shows the same thing 
within the same judgmental situation. 
The S classified the stimuli the same 
way, i.e. used different labels for the 
same stimuli in different judgmental 
conditions. 

This seems to be a paradox but the 
fallacy here lies in equating responses as 
labels, with perceptual (or memory) 
categories. No one can deny the sta- 
bility of certain responses as labels; 
certain words, phrases, etc. have high 
probabilities of occurrences. This is not 
sufficient evidence for the existence of 
referents for these labels. To make this 
point clear, consider color-blind indi- 
viduals who can, and do, use certain 
words, e.g., “blue,” "green," etc. and yet 
have no subjective referent for these 
words. Thus, from an ability to use a 
word, it cannot be inferred that S has a 
referent. For an opposite position, see 
Vernon (1955) and Binder (1955). 

We now turn and look at the notion of 
memory categories more closely. Differ- 
ent writers stress different aspects but 
there is a logic which is common to all. 
First, there is the notion of a stimulus 
trace somewhere in the nervous system 
(Wulf, 1922), or a pattern of neural 
firing in the nervous system (Hebb, 
1949). In either case the presented 
stimulus object produces neural excita- 
tion and, with repeated presentations, 
wears à path in the cortex. 

, m 
ilar to. Hebb's (1949) cell 
Once the pattern of firing 
times to create a 
lated with 
ysiological 


eventually 
This is sim 
assembly." 
has occurred enough 
pathway, experiences are Corre 
paths. This is a sort of ph 


matching in that it generated a partic- 
ular pattern of neural firing which is 
similar to some previously generated 
path. Thus triangles are perceived as 
triangles because they generate a par- 
ticular pattern of excitation in the cortex ; 
all triangles generate the same pattern 
otherwise they would not be experienced 
as triangles. 

On a behavioral level this kind of logic 
leads to a "library" theory of memory. 
The input enters the “library” and is to 
be classified ; it is cross-indexed according 
to its size, hue, perimeter, number of 
angles, etc. and then assigned to that 
"shelf" or "stack" which has objects 
most similar to it. This approach also 
allows an apparent categorical, or ab- 
solute, judgment to be a comparative 
one. 

Both the physiological and behavioral 
positions maintain that the subjective- 
standard hypothesis must be in line 
with the facts of perception. Neverthe- 
less, the data reported here constitute a 
strong counterargument. The position 
taken in this paper is that the perceptual 
system is a process which uses criteria or 
a set of principles in classifying experi- 
ence and which are not contingent on 
memory. The difference between this 
position and that taken by Eriksen and 
Hake (1957) and James (1963) comes 
about in specifying the set of principles 
(criteria) used in making perceptual 
judgments. Everyone agrees that cri- 
teria exist and are used when individuals 
make perceptual judgments. The sub- 
jective-standard position maintains that 
there is one basic principle, namely, the 
perceptual system compares the input 
with a stored category and assigns the 
input to the category which it most 
closely resembles. On the other hand, 
the coherence criterion notion says that 
there exists a set of principles that deter- 
mines the category to which the input 
will be assigned, and that this set of 
principles is determined by the inter- 
relationships among the components of 
the stimulus object. 

The purpose of this study was to 
demonstrate that the subjective stand- 
ard, in its naive form, is incapable of 


62 ALBERT S. RODWAN 


dealing with certain phenomena. In 
order for the subjective-standard hy- 
pothesis to account for the data presented 
here, a change must be made. The 
notion of a perceptual category being 
similar to an image cannot be kept, and 
most importantly, a category can be 
defined as a judgmental rule, i.e., as a 
rule of behavior which is appropriate to 
the present situation. 
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RELATION TO THE MOTOR THEORY 
OF SPEECH PERCEPTION ! 
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The motor theory of speech perception maintains that “articulatory 
movements and their sensory effects mediate between the acoustic 
stimulus and the event we call perception [Liberman, 1957, p. 12277 
The inference of mediating articulation is based on certain properties of 
identification and discrimination functions for synthetic speech con- 
tinua, namely, categorical identification and enhancement of discrimina- 


tion at the boundary between identification classes. 


Identification 


and discrimination functions with these properties also were obtained in 
the present experiment, although a nonspeech (visual) continuum was 


employed. 


It is concluded that the postulation of a special perceptual 


mechanism for speech perception is not warranted. 


Advocates of the motor theory of 
speech perception (Liberman, Cooper, 
Harris, & MacNeilage, 1963) contend 
that ‘‘speech sounds are perceived by 
reference to the articulatory move- 
ments that produce them, and this 
articulatory reference is important for 
the distinctiveness of speech as per- 
ceived [p. 6].’’ According to this 
view, the sounds of speech are 
absolutely and quickly identifiable 
because continuous variations in the 
acoustic stimulus cue phonemic dis- 
tinctions that are categorical in nature 
for most speech continua. The theory 
maintains (Liberman et al., 1963) 
that the categorical perception of 
speech arises from a learned connec- 
tion between speech sounds and the 
articulations that generate them, and 
that "in time, these articulatory 
movements... come to mediate be- 
tween the incoming acoustic stimulus 
and its ultimate perception [p. 4]. 
Stimuli from the same phoneme class 

This research was supported in part by 
lopment Section, United 
ation (Contract SAE- 
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evoke the same mediating response 
and acquire similarity, whereas stimuli 
from different phoneme classes evoke 
different mediating responses and gain 
the added distinctiveness of their dif- 
ferent proprioceptive returns. Thus, 
speech perception is distinctive be- 
cause it is categorical, and it is 
categorical because the mediating ar- 
ticulations are categorically different. 

Proponents of the motor theory of 
speech perception find empirical sup- 
port for their hypothesis in experi- 
ments involving typically two depend- 
ent variables: identification functions 
and discrimination functions for syn- 
thetic speech continua. The two 
experiments reported in this article 
examine identification and discrimi- 
nation functions, respectively, for a 
nonspeech (visual) continuum. Our 
purpose is to determine whether the 
properties of speech perception on 
which the motor theory is founded 
are obtained exclusively with speech 
stimuli or whether, more generally, 
these properties may be obtained also 
with stimuli which neither are gener- 
ated by their identification responses 
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nor have a long history of connection 
with them. 


EXPERIMENT l: IDENTIFICATION 
FUNCTIONS FOR A VISUAL 
CONTINUUM 


The first kind of evidence adduced 
in support of the motor theory of 
speech perception comes from studies 
attempting to show that phoneme 
perception is discontinuous (cate- 
gorical) or continuous depending on 
whether the appropriate articulations 
are discontinuous or continuous. For 
example, an important acoustic cue 
for the perception of the voiced stops 
/b/, /d/, and /g/ is the direction and 
extent of the second-formant transi- 
tion. When a series of synthetic 
speech sounds, varied in small steps 
along this continuum, is presented to 
listeners who are asked to identify the 
sounds as /b/, /d/, or /g/, their 
responses characteristically divide the 
continuum into three sharply defined 
phoneme categories (Liberman, Har- 
ris, Hoffman, & Griffith, 1957). The 
shifts from one response or phoneme 
label to another are abrupt. On the 
other hand, when listeners are asked 
to identify synthetic vowels, which 
vary in small steps along an appro- 
priate acoustic continuum, their re- 
sponses do not divide the continuum 
into sharply defined phonemic cate- 
gories; instead, the shift from one 
category to another is gradual (Fry, 
Abramson, Eimas, & Liberman, 1962). 
The voiced stops in the first example 
are produced by different articula- 
tions; “/b/ is produced by a move- 
ment of the lips and /d/ by a move- 
ment of the tongue. . . . There are 
no intermediate articulations between 
/b/ and /d/ [Liberman et al., 1963, 
p. 4]" In the production of vowel 
sounds, however, the articulators can 
move continuously from the resonance 
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positions characterizing one vowel 
phoneme to those of the next. Thus, 
the theory maintains that the percep- 
tion of most consonants is discontinu- 
ous because they covertly evoke 
discontinuous (i.e., discretely differ- 
ent) articulations, whose sensory feed- 
back controls the overt identifications. 
Accordingly, the perception of vowels 
is continuous because the 
ating articulatory movements 
continuous. 


medi- 
are 


The statement that perception is 
categorical for consonants and con- 
tinuous for vowels is argumentative 
rather than factual. It is based on 
comparisons of identification and dis- 
crimination functions relative to dif- 
ferent synthetic speech continua; since 
‘such comparisons are not dimen- 
sionally homogeneous, the continuous- 
discontinuous distinction is arbitrary 
(Lane, 1965). With appropriate con- 
ditioning techniques, however, it is 
possible to transfer stimulus control 
of the two kinds of phonemic contrasts 
to a single nonspeech continuum. 
Direct comparison of consonant and 
vowel identification functions would 
then be meaningful, since they would 
be relative to the same coordinate 
system. The purpose of the two 
studies comprising Exp. I is, there- 
fore, twofold: to determine whether 
categorical perception is obtained 
with a nonspeech visual continuum 
and, if so, whether categorical percep- 
tion is related to the topography of 
the identification responses, as the 
motor theorists would have it. In 
these studies, a consonant contrast 
(/b/, /g/) or a vowel contrast(/ ^/^» 
i/) was conditioned to a pair O 
visual stimuli. Measures of response 
frequency and latency were then ob- 
tained at intermediate stimulus values, 
using procedures that were as com- 
parable as possible to those employed 
by Liberman and his collaborators. 
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Method 


Experiment Ia 


Subjects—Twenty paid volunteers, 11 
male and 9 female undergraduates, served 
individually in 1-hr. sessions. 

Apparatus.—The S wore a dynamic throat 
microphone (Danavox) while seated, in a 
sound-insulated chamber, in front of a 
projection screen and a coin dispenser. | A 
slide projector (Leitz VIII S), located behind 
S and outside of the chamber, projected the 
visual stim 
screen. A vocal response to the stimulus 
triggered a voice-operated relay, which closed 
an electrically operated shutter (rise-decay 
time, 40 msec.), advanced the projector to the 
next slide, and opened the shutter 2 sec. later. 
The latency of the response was measured in 
milliseconds on a frequency counter (Hewlett- 
Packard 523D), which started when the 
shutter was signaled to open and stopped 
when it was signaled to close. The form of the 
response was monitored and recorded by E. 

Stimuli.—Nine discs, 3 in. in diameter, 
were cut out of a piece of flat black art paper. 
A sector, symmetrical about the radius at 
360°, was cut out of each disc; the sectors that 
were deleted ranged from 30° to 62° in steps 
of 4°, The nine sectors remaining were pasted 
on pieces of white paper and transparencies 
were prepared with a Polaroid-Land copy- 
maker (Model 208) and film (Type 146-L). 
The stimuli had a diameter of 10 in. when 
projected on the screen, 5 in. above eye level 
and 24 in. in front of S. The stimulus field 
had a luminance of approximately 107? foot- 
lamberts (ftL.). Eight irrelevant stimuli, 
also prepared and presented in this manner, 
were used in identification training. These 
stimuli consisted of various geometrical 
patterns, based on variants of the cross, 
rhombic, polygon, and solar designs. 

Procedure.—The 20 Ss were assigned ran- 
domly to two groups of 10 each. Those in 
Group V (vowel contrast) were conditioned 
to identify the extreme stimuli in the series, 
No. 1 and 9, as /bAb/ and /bib/, respec- 
tively; Ss in Group C (consonant contrast) 
were conditioned to call them. [b ^b/ and 
/g ^ g/- Thus, the identification responses 
for Group V were drawn from an articulatory 
continuum, while those for the other group 
(C) were “essentially discontinuous: B lr 

Identification training. These instructions 
were read to S: (The alternative words, in 
parentheses, were used with Group C) 


? Vide Liberman et al., 1957. 


uli through a window and onto the * 


On this screen will appear various sym- 
bols. Some are /b A^ b/ symbols and some 
are /bib/ (/gAg/) symbols; still other 
symbols are irrelevant. Your task is to 
learn to identify the /bAb/ symbols and 
the /bib/ (/gAg/) symbols when they 
appear, by saying /b Ab/ or /bib/ (/gAg/). 
Each time a /bAb/ or /bib/ (/z^g/) 
symbol is presented and you correctly 
identify it, you will get a nickel, which you 
may keep. If you respond incorrectly to 
one of the /bAb/ or /bib/ (/g^g/) sym- 
bols, or if you respond to any of the 
irrelevant symbols, no nickel will be 
dispensed. 

Stimuli 1 and 9 were presented 16 times 
cach and the eight irrelevant stimuli five times 
each, all in a randomized order. Occurrences 
of the /b ^ b/ response within 3 sec. after the 
presentation of Stimulus 1 were reinforced, 
while those of the /bib/ (or /g^ g/) response 
were not. The relations were reversed for 
Stimulus 9. The stimulus duration equaled 
the response latency or 3 sec., whichever 
occurred first. All Ss met the training 
criterion of 10 consecutive reinforced re- 
sponses within the series of 72 stimuli. 

Identification testing. These instructions 
were read to S: 


In this part of the experiment we will 
present only /bAb/ and /bib/ (/gAg/) 
symbols. Your task is to indicate whether 
the symbol presented each time is an ex- 
ample of a /bAb/ symbol or /bib/ (/gAg/) 
symbol. We are going to disconnect the 
nickel dispenser, so you will not know 
whether your response is correct, but I will 
be keeping score and I will tell you how 
well you did when we are through. Be sure 
to respond to each presentation—guess if 
necessary. 

The nine stimuli were presented, 10 times 
each, in a randomized order. The stimulus 
duration equaled the response latency of S, 
and the interstimulus interval was 2 sec. 


Experiment Ib 

The procedure of Exp. Ia was replicated 
on 7 consecutive days with each of two female 
and two male paid Ss. The same stimuli and 
the same responses were used: two of the Ss 
were assigned the vowel contrast and two 
were assigned the consonant contrast. 


Results 


Identification probability functions 
and their associated latency functions 
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Fic. 1. Identification frequency and latency functions for individual Ss in E xp. I. (The points connected by continuous lines represent the 
number of /b ^ b/ responses evoked by the 10 presentations of each stimulus. The Ss were numbered relative to the order in which they served 
in the experiment but their identification functions are ordered, from left to right, roughly on the basis of where each gradient and its complement 
intersected on the stimulus continuum. The points connected by broken lines represent the median latencies of all responses emitted to the cor- 
responding stimulus. Latencies were not measured for S 12.) 
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are shown in Fig. 1 for individual Ss 
from Exp. la. The identification 
probability functions show the num- 
ber of times each stimulus was 
identified as a /b A b/ symbol in the 10 
presentations of that stimulus. (The 
/bib/ or /g^g/ identification func- 
tions are complementary to those 
presented and are not shown.) The 
identification functions of all Ss are 
flat at one or both extremes and over 
an extended range of the stimulus 
continuum. Thus, they may be 
described as partitioning the stimulus 
set into two classes; the stimuli in 
each class are equally effective in evok- 
ing a given identification response. 
Response latencies, measured as the 
time elapsing from the onset of the 


stimulus to its termination by either 
response, are represented in Fig. 1 
(dashed lines) by their median value 
at each stimulus. Although each de- 
termination is based on only 10 re- 
sponses, the latency functions are 
orderly for most Ss and show a close 
relation to the corresponding identi- 
fication function: (a) maximum la- 
tencies occur at or near the point 
where the pair of identification re- 
sponses are equiprobable; (b) latencies 
are approximately equal over the 
stimulus ranges corresponding to pla- 
teaus in the identification function. 
The results obtained in Exp. Ib, 
with measurements repeated on 7 con- 
secutive days, are in accord with those 
reported above. Identification func- 
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Identification frequency and latency for one S from Exp Ib (vowel contrast) 


(The relative frequency of the /bAb/ response, in 60 presentations of the corresponding 
stimulus on each of 6 consecutive days, is shown by the dashed lines. 


Frequency distributions 


of the latencies of the /b A b/ and /g ^ g/ responses combined are shown at each stimulus value ; 
the median latency is represented by the filled triangle.) 


tions based on the last 6 days of 
testing, are shown in Fig. 2 and 3 
for one S from each experimental 
group. Each data point represents 
the proportion of times that the 
corresponding stimulus was identified 
as a /bAb/ symbol in 60 presenta- 
tions. Response latencies are repre- 
sented by histograms showing the 
distribution of latencies with respect 
to 10 equal class intervals on a 
logarithmic scale. The approximate 
midpoint of each class interval is 
indicated on the latency scales in 
Fig. 2 and 3. The median latency for 
each distribution is indicated by a 
filled triangle. The identification 
functions for these two Ss are nearly 
identical and their latency distribu. 
tions reveal the same general func- 


tional relation to response probability. 
Response latencies for S 22 are longer 
overall than those for S 23 and show 
greater variability, but the latencies 
of both Ss are distributed over their 
minimum values when the probability 
of one of the identification responses 
is either zero or unity, and the la- 
tencies are distributed over their 
maximum values when the probability 
of the responses is near .50. 


EXPERIMENT II: DISCRIMINATION 
FUNCTIONS FOR A VISUAL 
CONTINUUM 


The second kind of evidence often 
adduced in support of the motor 
theory of speech perception comes 
from studies which show that a 
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listener discriminates more accurately 
between sounds that lie on opposite 
sides of the phoneme (identification) 
boundary than he does between 
sounds (separated by the same num- 
ber of physical units) drawn from 
within one phoneme category (Liber- 
man, Harris, Eimas, Lisker, & Bastian, 
1961; Liberman et al., 1957 ;Liberman, 
Harris, Kinney, & Lane, 1961). The 
motor theory attributes this outcome 
to the role of mediating responses in 
speech perception: the several stimuli 
within a phoneme class all evoke the 
same covert response and are associ- 
ated, therefore, with identical proprio- 
ceptive information; stimuli drawn 
from opposite sides of the phoneme 
boundary evoke different mediating 
responses and are associated, therefore, 
with distinctively different proprio- 
ceptive returns: ". . . The perceived 
difference between two relatively sim- 
ilar external stimuli could be increased 
if we could attach to those stimuli two 
very different mediating responses and 
hence gain the added distinctiveness 
of their very different proprioceptive 
returns [Liberman, 1957, p. 123." 
The purpose of Exp. II is to deter- 
mine whether an O who has learned 
to identify categorically stimuli drawn 
from a nonspeech continuum, dis- 
criminates more accurately between 
stimuli that lie on opposite sides of the 
identification boundary than he does 
between stimuli (separated by the 
same number of physical units) drawn 
from the same identification category.’ 


Method 


Subjects —Four male undergraduate stu- 
dents served individually in sessions lasting 
approximately 1 hr.; none had participated 
in Exp. I. ERU 

Stimuli and apparatus.— The stimuli num- 
bered 4, 5, 6, and 7 in Exp. I were employed ; 
they had sectors of 42, 46, 50, and 54°, 
——___ 


, We wish to thank George Lombard for 
's assistance in conducting this experiment, 


respectively, deleted from their rims. The 
stimuli were presented with the 
paratus employed in the preceding 

Procedure.— The experimental ons con- 
sisted of three phases in the following order: 
(a) identification training, (b) identification 
testing, (c) discrimination testing. 

Identification training. These instructions 
were read to S: 


same ap- 
tudies. 


On this screen will appear various sym- 
bols which will differ only with respect to 
the size of the wedge cut out of them, Your 
task is to identify each symbol as it is 
presented by saying /bAb/ or /gAg/— 
whichever you think is appropriate. Each 
time a symbol is presented and you cor- 
rectly identify it, you will get a penny. If 
you respond incorrectly, a penny will not 
be dispensed. The faster you learn to 
correctly identify these symbols, the more 
money you will earn. 


The /bAb/ response was reinforced 
promptly in the presence of Stimulus 4 or 
Stimulus 5, the /gA g/ response in the pres- 
ence of Stimulus 6 or Stimulus 7. Each 
stimulus presentation lasted 300 msec. The 
four stimuli were presented in random order 
until 50 successive correct responses 
minated the phase. 

Identification testing. These instructions 
were read to S: 


ter- 


In this part of the experiment we will 
present the same symbols. As before, your 
task is to identify each as a /bA b/ symbol 
ora /gAg/symbol. However, we are going 
to disconnect the coin dispenser, so you will 
not know whether or not each response is 
correct. I will keep score and tell you how 
well you did when we are through. Be sure 


to respond to each presentation—guess if 
you have to 


The sequence of 96 stimulus presentations 
was prepared so that all permutations of the 
four stimuli appeared in random order 


Discrimination testi P 
esting. Thesei i 
£ ns 
were read to S: maeno 


In this part of the experiment we want 
to find out how well you can discriminate 
/bAb/ and /gAg/ Symbols. We will 
present three symbols in a sequence. The 
third symbol will always be identical to 
peg the first or the second. When the 
“nee ‘S presented, you are to say 
s E if you think it is like the first symbol 
i eene: second" if you think it is 
= the second symbol. Respond only to 
the third symbol—guess if you have to “but 
be sure to respond. 
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The ABX procedure employed by Liberman 
and his colleagues was adopted here to insure 
that our results would be comparable to theirs 
in this regard. Only one-step comparisons 
were employed; cach pair of adjacent stimuli 
was presented 36 times in all possible triadic 
arrangements of the form ABA, ABB, BAA, 
and BAB. The stimulus duration was 300 
msec., the interval between stimuli 
and that between triads 15 sec, 


5 sec., 


Results 


The training criterion was achieved 
rapidly by all four Ss (within 80 to 120 
stimulus presentations). The results 
of the identification and discrimina- 
tion tests are shown for each S$ 
separately in Fig. 4, The identifica- 
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lines) show the relative frequency of 
the /bAb, response in the 24 pres- 
entations of each stimulus. The dis- 
crimination functions (open circles, 
dashed lines) show the relative. fre- 
quency of correct discriminations in 
the 36 presentations of each stimulus 
pair. For all Ss, the stimuli that 
evoked different identification re- 
sponses were more accurately dis- 
criminated than those that evoked the 
same identification response. 


DISCUSSION 


The findings reported above demon- 
strate that stimulus control of phonemic 
contrasts is readily transferred to a non- 
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STIMULUS 
.30r— 
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OIFFERENCE IN PERCENT IDENTIFICATION 


Fic. 5. 


A comparison of the degree of categorical perception obtained with identification 
of synthetic speech stimuli and identification of visual forms. 


(The triangles show the trans- 


formed labeling gradients for the phonemic contrast /do/-/to/, reported in Liberman, Harris, 


Kinney, & Lane, 1961. The open and fill 
gradients shown on the top and bottom of F 


erties of stimulus identification and 
discrimination formerly attributed ex- 
clusively to speech perception are pre- 
served in this transfer. 

Identification functions for speech and 
nonspeech continua.— The. identification 
functions obtained in this study show 
response probabilities that are constant 
at zero or unity over wide ranges of 
stimulus variation. In Fig. 5, the results 
obtained in Exp. I are compared with 
those obtained with synthetic speech 
stimuli (/do/, /to/) in a study by Liber- 
man, Harris, Kinney, and Lane (1961). 
Since different stimulus continua were 
involved in these two studies, a direct 
comparison of the respective identifica- 
tion functions would be inappropriate, 
Therefore, the comparison is based on the 
following procedure. For cach S, ca 
stimulus was compared to every other in 
the percentage of /bAb, responses it 
evoked, in the case of the present study, 
or in the percentage of , do, responses 
evoked, in the case of the synthetic 
speech study. The difference in per- 


1 squares represent a transformation of the labeling 
ig. 1, respectively, for identification of visual forms.) 


centage was computed for each com- 
parable pair. A frequency distribution 
of these percentage differences was pre- 
pared, with class intervals of 10%, con- 
verted to relative frequencies and plotted 
in Fig. 5. lf the individual gradients 
were step functions, the limiting case of 
“categorical perception," then all the 
percent differences would be either 0 or 
100, and the frequency distribution w ould 
pile up in the extreme classes, 
intermediate classes empty. 
other hand, if perception wa: 
—the case where response 
a strictly monotonic functi 
change—then the above 
tribution would be more nearly rectan- 
gular in shape. Figure 5 shows that the 
distributions for Groups V and C in the 
visual-identification do not differ 
systematically cach other nor do 
ciably from those for Ss 
a speech-identification task, 
although the set of speech-identification 
gradients selected for comparison is the 


leaving 
On the 
às continuous 
probability is 
m of stimulus 
frequency. dis- 


task 
from 
they differ appre 
performing 
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most "categorical" of those reported in 
the literature. 

The response-latency functions ob- 
tained in this study, with both vowel- 
contrast and consonant-contrast labeling 
responses, reach a maximum at the 
"boundary" of their corresponding iden- 
tification functions and a minimum 
within the plateaus of those functions. 
XX closer look at this relation between 
measures of response probability and 
latency is provided in Fig. 2and 3. Over 
the range of stimuli which are equally 
effective in evoking a given identification 
response (with either unit or zero proba- 
bility) the latency distributions are 
highly uniform: the different distribu- 
tions have approximately the same mean 
and variance. The latencies of responses 
evoked by boundary stimuli are more 
variable and are distributed over greater 
values. These findings for response 
latency in identification of nonspeech 
visual forms accord with those reported 
for identification of synthetic speech 
stimuli (although the latter findings were 
interpreted as favoring a mediation 
hypothesis) : “For both stops and vowels, 
voice and button-press reaction times 
were lower near phoneme centers than in 
the vicinity of phoneme boundaries 
[Studdert-Kennedy, Liberman, & Ste- 
vens, 1963, p. 1009]. — Peaks in latency 
functions at boundary stimuli have been 
reported by several investigators and for 
diverse nonspeech continua: size of 
angles (Cartwright, 1941), brightness 
(Kellogg, 1931), vertical height (La- 
Berge, 1961), pure tone and noise in- 
tensity (Cross & Lane, 1962)—to name 
only a few. These findings combine to 
support the following generalization : the 
average latency of two concurrent dis- 
criminative operants is maximal when 
the responses are equiprobable. This 
generalization applies to nonspeech as 
well as to Speech continua; if it is inter- 
preted as implying that perception is 
categorical, it is, nevertheless, not pe- 
culiar to speech perception, 

Advocates of the motor theory of 
speech perception have cited the prop- 
erties of the identification Probability 
and latency functions described above as 


partial evidence that perception is cate- 
gorical and is mediated by covert 
articulation (or its neural correlates). 
If we conclude, therefore, that 20 min. of 
discrimination training sufficed to trans- 
fer the mediation processes of speech 
perception to a visual continuum, then 
we must ask why the consonant contrasts 
did not yield more categorical gradients 
of identification and latency then the 
vowel contrasts: if categorical perception 
is effected by discretely different mediat- 
ing responses, then the consonant con- 
trasts should have been much sharper 
than the vowel contrasts. lf it is 
maintained, on the other hand, that the 
mediation hypothesis is applicable only 
to the perception of speech continua and 
is predicated on extensive verbal condi- 
tioning (as the motor theorists would 
have it), then we must ask why the 
identification and latency functions for 
visual symbols so closely resemble those 
for speech signals. Since visual forms 
and synthetic speech stimuli yield equiv- 
alently categorical identification func- 
tions and peaked latency functions, these 
dependent variables provide no evidence 
which would warrant the inference of a 
mechanism uniquely mediating the per- 
ception of speech. 

Discrimination functions for speech and 
nonspeech. continua—In several studies 
involving synthetic speech stimuli it has 
been found that when two stimuli evoke 
different identification responses they are 
more readily discriminated than are 
stimuli (separated by the same number 
of physical units) that evoke the same 
identification response. It has been 
claimed that this relation between speech 
identification and discrimination func- 
tions is evidence for a motor theory of 
speech perception. The rationale 1S 
spelled out by Liberman, Harris, Eimas, 
Lisker, and Bastian (1961): 

We believe that in the course of his long 
experience with language a speaker (and 
listener) learns to connect speech sounds with 
their appropriate articulations. In time, these 
articulatory movements and their sensory 
feedback (or, more likely, the corresponding 
neurological processes) become part of the 
Perceiving process, mediating between the 


— — 
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acoustic stimulus and its ultimate perception. 
When significant acoustic cues that occupy 
different positions along a single continuum 
are produced by essentially discontinuous 
articulations . . . the perception becomes 
discontinuous (i.e., categorical), and dis- 
crimination peaks develop at the phoneme 
boundary [p. 177].* 


The findings in Exp. II of the present 
study (Fig. 4) show that the enhance- 
ment of discrimination at identification 
boundaries is not peculiar to stimuli that 
have a long history of connection with 
the responses that generate them. In 
this study a relatively brief training 
period sufficed to bring two discrimina- 
tive operants (vocal) under the control 
of a visual continuum that had no prior 
connection with either response. 

Lane (1965) has reported a comparable 
experiment in which the discrimination 
of certain nonspeech auditory patterns 
(the inverted /do/-/to/ sounds employed 
às contro] stimuli by Liberman, Harris, 
Kinney, & Lane, 1961) was measured 
both before and after discrimination 
training with the two extreme values of 
the stimulus parameter. Lane found 
chance levels of discrimination in all 
ABX comparisons before identification 
training. Following this training, ABX 
discrimination functions showed peaks 
at the identification boundary in one-, 
two-, and three-step comparisons for all 
Ss. The peaks were comparable to those 
obtained by Liberman, Harris, Kinney, 
and Lane (1961) in discrimination func- 
tions for /do/-/to/ speech stimuli. Lane 
(1965) concluded that since the correla- 
tion between identification Lap cia 
and discrimination accuracy 15 de 
for nonspeech as well as for speech 

imuli, the correlation per se does not 
— t the postulation of a 
pun de d hanism for the 
special perceptual mechanis 


iscriminati ech stimuli. 
discrimination of speech $ 
An alternative formulation.—It appears 


that the observed correlation between 


4“Given the discontinu 


- d expect, in spite of the 
ES b dief e UR E variations, 


continuous nature of the : i 

that the perception wou d be res rerio 
(i.e., categorical), and that à dee 
peak would appear at the phoneme y 


[Liberman et al., 1963, p. 4)" 


ous articulation 


identification probability and discrimi- 
nation accuracy is not conditional on 
whether or not the stimuli are perceived 
as speech sounds but, more broadly, on 
whether prior discrimination training has 
enabled S to absolutely identify certain 
elements of the stimulus set. The find- 
ings of an experiment by Chistovich, 
Klaas, and Alekin (1961) support this 
inference. These investigators presented 
rapid sequences of three tones (300, 
1,200, 3,500 cps) to 14 Ss with instruc- 
tions, in one experiment, to identify the 
order in which the low-, middle-, and 
high-pitch tones appeared in each se- 
quence by writing LMH, HLM, etc. In 
a second experiment, S was trained to 
identify the tones by emitting vocal 
responses /u/, /a/, and /i/, to the 300-, 
1,200-, and 3,500-cps tones, respectively, 
and then to identify the order in which 
the tones appeared in the test sequences 
by writing UAI, IUA, ete. The stimuli 
were chosen to match the quality of 
the corresponding vowels; they were 
varied in their order within triads and 
in their duration. There was a highly 
significant improvement in the dis- 
criminability of tone sequences when S 
identified them as vowels. 

Since the stimuli in an ABX triad are 
presented in temporal succession, spe- 
cific properties of a component stimulus 
may lose control of discriminative re- 
sponding by the time the next stimulus 
comes along. However, if an O has been 
trained to absolutely identify certain of 
these stimuli, the cues provided by this 
simple binary response may provide a 
basis for discrimination long after the 
relevant stimuli are gone. If this 
conjecture is sound, it explains why both 
speech and nonspeech stimuli that evoke 
different identification responses are dis- 
criminated in ABX tasks more readily 
than stimuli that evoke the same 
identification response. The O is dis- 
criminating certain gross properties of his 
own behavior rather than the specific 
properties of the stimuli. 

The findings presented in this article 
when taken together with those reported 
in a review of the motor theory of speech 
perception by Lane (1965) make it clear 
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that the relations among identification 
probability, latency, topography, and 
discrimination accuracy on which the 
motor theory is based are not at all 
peculiar to speech perception but are, 
more broadly, the result of a rather 


general paradigm for discrimination 
training and testing. 
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SHORT-TERM RETENTION OF VERBAL UNITS 
WITH EQUATED DEGREES OF LEARNING! 
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The short-term retention of 5- and 6-word units was tested at 0-, 13-, 
3-, and 6-sec. retention intervals. Degree of learning was equated 
through manipulation of presentation times. The 5- and 6-word units 
were presented for 13 and 24 sec., respectively. The results indicated 
that degree of learning was less than 10045, that the 5- and 6-word 
units did not differ in terms of degree of learning, and that delayed 
retention of the 5-word units was superior to that of the 6-word units. 


One of the products of the recent 
upsurge in the study of short-term 
memory (STM) has been the hypoth- 
esis that the rate of forgetting of a 
verbal unit is a function of the number 
of elements in that unit (Melton, 
1963). The bulk of the data support- 
ing this proposal has been obtained 
with the technique developed by 
Peterson and Peterson (1959) in which 
S, following a single presentation of 
the to-be-recalled unit, counts back- 
wards by 3's or 4's until he receives a 
cue to recall the verbal unit. The 
consistent finding has been that the 
slope of the retention curve increases 
as the number of elements in the recall 
unit increases. Degree of learning, as 
indexed by performance on an im- 
mediate retention test, has generally 
approximated 100% for units of all 
tested sizes (Melton, 1963). While 
these data have been well received 
they have not been free from criticism. 
In ‘particular, there has been some 
question as to whether the observed 
differences in retention curves have 
been due to the effect of number of 
elements or to unobserved and un- 
differences in degree of 
Keppel and Underwood 
as carried out during 
^s United States 


1 fellowship 
Uni- 


controlled 
learning. 


1 This investigation w: 
the tenure of the author 
Public Health Service postdoctoral '' 
at the Institute of Human Learning 
versity of California, Berkeley. 


(1962) have pointed out that differ- 
ences in degree of learning may be 
underestimated when immediate re- 
tention, as the measure of degree of 
learning, is essentially 100%. Even 
though units of differing numbers of 
elements are recalled perfectly in an 
immediate retention test the degree of 
learning of the smaller unit may 
actually be greater than that of the 
larger unit and may, therefore, ac- 
count for the superior recall of 
the smaller unit at longer retention 
intervals. 

The present experiment was de- 
signed to test short-term retention of 
units of varying numbers of elements 
when degrees of learning were equated 
through manipulation of stimulus- 
presentation times. Five- and six- 
word units were tested at an immedi- 
ate and at three delayed retention in- 
tervals. Stimulus-presentation times 
were chosen such that the immediate 
recall measures of the five- and six- 
word units were equal and significantly 
below 100%. 


METHOD 


Subjects.—The Ss were 192 University of 
California undergraduates whose participation 
was in fulfillment of a course requirement. 
Most of the Ss had had some experience with 
memory-drum learning but none had engaged 
in a short-term memory study. 

Materials.—Two sets of six four-letter 
single-svllable nouns were developed (FLAG, 


Un 
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HAIR, DESK, BIRD, NOON, CAKE and snow, 
HORN, FACE, LAMP, KING, MEAT). All nouns 
occurred at least 50 times per million in the 
Thorndike and Lorge (1944) word count. 
According to Deese (1962) and the Russell 
and Jenkins (1954) norms, intraset word- 
association strength was minimal. The items 
in each set possessed no apparent meaning 
similarity. Repetition of letters in the same 
positions across the nouns within each set 
was minimal. 

Six orders of each set of nouns were devel- 
oped such that each noun occurred once in 
each of the six positions. These 12 sequences 
of six nouns werc assigned equally frequently 
to Ss in each of the six-word retention condi- 
tions. The five-word units were taken from 
the same pool of nouns by developing, for 
each set of nouns, six orders of five nouns 
such that all six nouns occurred once in each 
of the five positions. These orders were 
assigned equally frequently to Ss in each of 
the five-word retention conditions. 

Procedure.—The design called for five- and 
six-word units to be tested at each of four 
retention intervals. These eight retention 
conditions were randomized 24 times such 
that each condition occurred once in each of 
24 blocks. 'The Ss were assigned to these 
blocks in the order of their appearance in the 
laboratory for a total of 24 Ss per condition. 
The Ss were tested only once. 

Pilot data indicated that 2.5-sec. and 1.5- 
sec. presentation times would result in ap- 
proximately 75% correct immediate retention 
of the six- and five-word units, respectively. 
Accordingly, these presentation times were 
employed in presenting the five- and six-word 
sequences to Ss with a Stowe memory drum. 
The Ss were instructed to read the words 
aloud from left to right when they appeared. 
Immediately following stimulus presentation 

the delayed retention groups were shown a 
3-digit number for 1 sec, The Ss read the 
number aloud and then counted backwards 
by 3’s until three asterisks appeared. The 
asterisks were S’s cue to recall the words in 
order. The delayed retention intervals were 
1.5, 3, and 6 sec, Immediate recall groups 
were presented the asterisks immediately 
following stimulus Presentation without inter- 


polated counting. All Ss were allowed 30 
sec. for recall. 


RESULTS 


The pattern of the results obtained 
with the two sets of nouns did not 
differ so they were pooled and anal- 
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Fic. 1. Percent total recall as a function 
of unit size and retention interval. 


yzed together. Figure 1 shows the 
percentage of the Ss in each retention 
condition who displayed total recall 
(correctly recalled all of the words in 
the proper order). The immediate or 
O-sec. total recall frequencies for the 
five- and six-word units (18 and 19, 
respectively) did not differ signifi- 
cantly, x? (1) <1. The exact prob- 
ability of these immediate total recall 
frequencies occurring by chance, if 
degree of learning had been 100%, 
was less than .01. These data indicate 
that degree of learning was less than 
100% and that the five- and six-word 
units did not differ in terms of this 
factor. 

The total recall frequencies for the 
five- and six-word units were summed 
over the three delayed-retention in- 
tervals. Total recall of the five-word 
units over the three delayed intervals 
(17 times) was more frequent than 
total recall of the six-word units (four 
times), x? (1) = 8.03, p < .01. The 
relative infrequency of total recall in 
the delayed retention conditions ruled 
out the possibility of comparing five- 
and six-word recall at each interval, 
but Fig. 1 indicates that the difference 
between the curves was fairly regular 
across intervals. 

A second less stringent measure of 
recall was also employed. The per- 
centage of the words recalled correctly; 
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regardless of the order of their recall, 
was tabulated for each S. The per- 
cent recall means for the 0-, 13-, 3-, 
and 6-sec. intervals were 98.61, 77.75, 
72.88, 68.03 and 97.50, 86.66, 78.33, 
78.33 for the six- and five-word units, 
respectively. An analysis of variance 
applied to the delayed retention data 
indicated that percent recall of the 
five-word units was significantly bet- 
ter than percent recall of the six-word 
units, F (1, 138) = 7.87, MSerror 
= 3.10, p < .01. Combined percent 
recall of the five- and six-word units 
decreased as the retention interval 
increased, F (2, 138) = 3.39, MSerror 
= 3.10, p < 05. The interaction was 


not significant, F10 


DISCUSSION 


al finding of the study was 
that short-term retention of five-word 
units was significantly better than reten- 
tion of six-word units when degrees of 
learning had been equated through ma- 
nipulation of presentation times. This 
result supports the contention that STM 
of verbal units is a function of the num- 
ber of elements in the to-be-recalled 
units, and indicates that uncontrolled 
differences in degrees of learning cannot 
completely account for observed differ- 
ences in the retention of such units. 
Intraitem interference (Melton, 1963) 
appears to be a major factor in the 
differential short-term forgetting of these 
five- and six-word units. 

The significant difference obtained 
with the percent recall measure indicates 
that the total recall difference was not 
merely due to differences in the asso- 
ciative connections between the words. 
The availability of the words, apart from 
sequential dependencies between them, 
was affected by the numbers of elements 
in the to-be-recalled units. Thus both 
“context associations” and “specific asso- 
ciations" seem to be affected by the 
number of elements in the test units. 
It should be kept in mind, though, that 
the percent recall measure May have 


The princip 


been subject to uncontrolled differences 
in degree of learning as immediate per- 
cent recall of both the five- and six-word 
units approximated 100% (98% and 
97%, respectively). 

The retention curves obtained in the 
present study are considerably lower 
than those predicted and obtained by 
Melton (1963). This discrepancy may 
well be due to the fact that degree of 
learning in the present study, as meas- 
ured by immediate retention, was from 
20 to 25% lower than the degrees of 
learning reported by Melton. It could 
also reflect the differences in retention 
materials. 

While the present study supports the 
notion that STM is a function of the 
number of elements in the recall unit it 
may also be instructive in that it under- 
scores at least two methodological prob- 
lems associated with the Peterson STM 
technique. The first involves the alter- 
native merits of multiple vs. single 
retention tests. While multiple testing 
reduces the number of Ss needed, and 
allows the use of more powerful statistics, 
it also necessitates a consideration of the 
interfering influence of the number of 
previously learned units upon the reten- 
tion function. On the other hand, the 
present study indicates that the use of 
single tests, while eliminating experi- 
mentally established PI effects, is ex- 
tremely expensive in terms of S time. 
The study also indicates that the control 
of degree of learning is not a simple 
matter. The technique employed here 
has several drawbacks. First, it requires 
extensive pretesting to determine the 
appropriate presentation times. In addi- 
tion, at least with the materials em- 
ployed, it does not allow the use of recall 
units of less than five words. Pretesting 
with less than five nouns indicated that 
there was no presentation time which, 
while allowing S to say the words aloud, 
would result in less than perfect immedi- 
ate recall. With less than five words S 
could either recall the words correctly 
in an immediate retention test or he 
could not say them all aloud in the 
allotted presentation time. Thus, al- 
though the notion of equating degrees of 
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learning through manipulation of pres- 
entation times appears to be a promising 
technique, itis not without its limitations. 
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SCALING MUSICAL PREFERENCES! 


SOON DUK KOH 


Hastings State Hospital, Minnesota 


2 psychophysical scaling procedures, category judgment and magnitude 


e 
excerpts. 


continuum. 


The affective category 


mation, were applied to affective judgments of a total of 111 musical 
scale was found to be a roughly 
logarithmic function of the affective magnitude estimation scale, 
this extent the affective scale behaves as an “inten 
The category-magnitude relation is invariant under differ- 


To 
sity" or prothetic 


ences in S's education, age, sex, and alcoholic deterioration. 


In psychophysics, Stevens' (1957) 
power law relating sensations to stim- 
uli and the nonlinearity between the 
category and magnitude scales (Stev- 
ens & Galanter, 1957) are observed 
onlv on continua that involve inten- 
sity or quantity (prothetic continua). 
Most psychophysical continua belong 
to this class. On continua having to 
do with kind or quality (metathetic 
continua) the power law may or may 
not hold, but the relation between 
category and magnitude scales is 
linear. Affective judgments of music 
or paintings are often regarded as 
qualitative judgments in a semantic 
sense, but the intensity of the affective 
judgments on a given continuum may 
be prothetic. The present study 
applies the measurement paradigm of 
psychophysics to preference judg- 
ments of musical selections in order 
to reveal the nature of the continuum. 

The measurement of perceptual 
continua by psychophysical scaling 
procedures has become a lively topic 
since Stevens' massive attack on the 
traditional Fechner-Thurstone ap- 
proaches (Stevens, 1957, 1961, 1962; 
Stevens & Galanter, 1957). Magni- 
tude estimation is one of the newly 
developed “ratio” scaling methods in 

1 This investigation was supported by 
Public Health Service Research Grant 
M-05306 from the National Institute of 
Mental Health. It was conducted at the 
State Hospital, Jamestown, North Dakota. 
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which SS is instructed to assign a num- 
ber to each stimulus presentation so 
that the numbers are proportional to 
the subjective intensity experienced 
by S. Category scaling, on the other 
hand, is an older method; in this 
method S is, for instance, instructed 
to assign the lowest category to the 
weakest stimulus, the highest to the 
strongest stimulus, and to assign the 
intermediate categories in such a way 
that his subjective impression of the 
distances between successive cate- 
gories is the same. The category scale 
is, therefore, at best an interval scale. 
When the two kinds of scales employ- 
ing the same stimuli are compared 
with each other the category scale 
usually takes a form that is inter- 
mediate between a logarithmic func- 
tion and the form of the corresponding 
magnitude scale, provided the con- 
tinuum is prothetic. This means that 
stimuli whose differences are reported 
to be subjectively equal on the cate- 
gory scale are separated by progres- 
sively larger distances on the magni- 
tude scale. Both types of scales have 
reasonably high repeatability, and 
yet their relationship is always non- 
linear. The reason for this non- 
linearity has caused much speculation, 
and the problem may remain unsolved 


until an independent measure of 
sensation or a new idea arises. 
The purpose of this study is 
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to examine the possible extension 
of Stevens’ magnitude-estimation 
method to complex affective judg- 
ments and to determine the relation 
between the category and magnitude- 
estimation scales for affective judg- 
ment of musical excerpts. If Stevens’ 
ratio methods, which are compara- 
tively new, are applicable to affective 
judgments it would contribute signifi- 
cantly to experimental esthetics. If 
affective judgments are like psycho- 
physical judgments and if affective 
category and magnitude scales are 
shown to be nonlinearly related to 
each other, then affective judgments 
are presumably prothetic rather than 
metathetic. This outcome should 
affect the choice of scaling method and 
the interpretation of affective data in 
future scaling procedures. 


METHOD 


Two groups of musical excerpts were used: 
51 vocal and 60 piano pieces. The vocal 
excerpts were selected from records and in- 
cluded opera singing, folk songs, college songs, 
and stage music. Each excerpt lasted about 
60 sec. The piano excerpts were all from 
classical music, and were selected and recorded 
by a pianist. Each excerpt lasted about 15 
sec. Both vocal and piano excerpts were 
separately presented to Ss by a tape recorder, 
in groups of about 30-60 Ss. The interval 
between the individual excerpts was about 
10 sec. Because of the instrumental back- 
grounds, differences in solo, duet, chorus, etc. 
the vocal selections provided a wider variety 
than the piano selections. 


For the category scale S was instructed to 


assign one of the nine ordered response 
categories, Tanging from most pleasant, ex- 
tremely, mode. 


each excerpt by S was transformed into the 
normalized distribution, and the median 
category assignment for each excerpt was 
calculated. Since the scale values found by 
this procedure were very Similar to those 
found by simply calculating the mean 
category number, the latter Procedure was 
adopted. 


For the method of magnitude estimation, 
a standard excerpt was played at the be- 
ginning of the experiment and written in- 
structions were given as follows, 


Let us call your. preference level or your 
pleasantness level for the standard musical 
selection 10. Your task is to tell your 
preference level for other musical selections, 
Proportional to this standard. In other 
words, the question is: If the standard 
music is called 10, what would you call the 
other musical selections: For example, if 
another musical selection is felt to be 7 
times more pleasant than the standard, 
write down 70. If it is felt to be one fifth 
as pleasant, jot down 2; if a twentieth as 
pleasant, jot down 0.5; if it is equal to the 
standard, jot down 10, ete. Try not to 
worry about being consistent; try to give 
the appropriate number to cach musical 
selection regardless of what you 
called some Previous stimulus. 


have 


The geometric mean of the proportional 
numbers given by S was calculated for each 
excerpt. Both methods, category and 
magnitude estimation, were administered in 
à single sitting, presenting the same 51 vocal 
or 60 piano excerpts twice. The Ss for the 
vocal excerpts were 56 college men, 52 college 
women, and 51 men hospitalized for alcohol- 
ism. The Ss for the Piano excerpts were 55 
college men, 51 college women, and 65 male 
alcoholic patients. The students were mostly 
freshmen and sophomores drawn from four 
different colleges and the Patients were from 
a state hospital. The average age for the 
patients was 42 yr. and their education 10 yr. 
About 90% of the patients’ occupations before 
the hospitalization were semiskilled, farmer, 
and laborer. 


RESULTS AND DISCUSSION 


The results of the six experimental 
groups are summarized in Fig. 1. The 
data were plotted on semilog coordi- 
nates, and the line of best fit was 
computed by the method of least 
Squares. According to this line, the 
category value C is related to the 
magnitude-estimation value M by the 
following equations: 


With the vocal excerpts, college men; 
C = 3.39 + 2.03 log M; college 
women, C = 3.89 + 2.88 log M; 
patients, C = 4.08 + 2.35 log M. 


A. 


PROTHETIC NATURE OF AFFECTIVE JUDGMENTS 


With the piano excerpts, college men, 
C 2.13 + 3.31 log M; college 
women, C 2.35 + 3.46 log M; 
patients, C — 1.16 4- 3.98 log M. 


The relations between the category 
and magnitude scales are all approxi- 
mately linear on the semilog coordi- 
nates; i.e., the affective category scale 
is a function of the logarithm of the 
affective magnitude-estimation scale. 
The form of relation between the two 
scales is strikingly invariant in spite 
of the marked differences of age, 
education, occupation, and even the 
alcoholic pathology of S. It is also 


C. Women 
Vocal 


CATEGORY (AM) 


Alcoholics 
7 Vocal 


(on 1.0 10 


! j nts and magnitud 

Fic. 1. Category judgment? om metic 

vocal and 60 piano excerpts- q "1 E s eA 

against a logarithmic scale deriva e tines fete 
The b values refer to the slopes 9 
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invariant under the difference of vocal 
vs. piano excerpts. The slopes for the 
piano excerpts are consistently steeper 
than those for the vocal excerpts, but 
are approximately equal for a given 
type of excerpt. The product-moment 
correlations between the category 
scale and the logarithm of magnitude- 
estimation scale range from .90 to .96. 

It is noted above that the category 
scale is usually not logarithmic. Asa 
matter of fact, some of the data in 
Fig. 1 show evidence of a slight up- 
ward concavity. This curvature is 
slight, but such a curvature is always 


Alcoholics 
Piano 


100 | 100 


MAGNITUDE ESTIMATION (GM) 


le estimations of affective impressions for 51 
means of the category judgments are plotted 
ometric means of the magnitude estimations. 
d to the data by least squares.) 
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present in psychophysical data when 
the "pure" form of the category scale 
is plotted against the logarithm of the 
magnitude-estimation scale (Stevens 
& Galanter, 1957). It seems that this 
curvature becomes more evident in 
the present data when the affective 
range is sufficiently wide, as shown 
by the judgments of the vocal selec- 
tions by the women and the alcoholics. 
When the range is short and the varia- 
bility fairly high, the upward curva- 
ture may belessevident. Stevens and 
Guirao (1963) show how variability 
affects the category scale. 

The present finding suggests that 
affective judgment for music exhibits a 
feature found on prothetic continua in 
psychophysics. Ekman and Kuennapas 
(1962a, 1962b) measured esthetic values 
of handwritings and drawings and found 
a logarithmic relation between the scales 
derived from the Thurstonian method of 
pair comparison and the method of ratio 
estimation. With drawings they also 
obtained a category scale that was similar 
to those obtained here. 

Stevens (1957) has proposed four 
criteria that are relevant to the distinc- 
tion between the prothetic and meta- 
thetic classes of perceptual continua, 
viz., the subjective size of the jnd, the 
form of the category scale, the time error, 
and hysteresis. The nonlinear relation 
of the two scales found in this study 
satisfies one of the four criteria for 
prothetic continua. In a series of studies 
Koh (1962, 1963) found clear evidence of 
a time error in affective judgments of 
musical excerpts. The prothetic nature 
of affective judgments seems, therefore, 
to be still more plausible. 

If the determinants of perception are 
classified into stimulus parameters and 
personality Parameters, or “autochtho- 
nous and behavioral” determinants, 
the affective judgments of musical ex. 
cerpts may involve more interaction of 


these two determinants and more be- 
havioral variables than psychophysical 
judgments. In view of the immediate 
payoffs involved in hearing the musical 
excerpts, the possible idiosyncrasy of 
musical preference, and the more-or-less 
ambiguous stimulus features, it is inter- 
esting to find that stimulus-bound, 
autochthonous features were still present 
in the affective judgments. The result 
also indicates the usefulness of the 
method of magnitude estimation for the 
study of complex processes like 
judgments. Since Stevens’ sc 
ods have been explored 
college students the 
method to the ment. 
low education 


affective 
aling meth- 
mostly with 
applicability of this 
al patient and to the 
al group is also encouraging. 
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VIGILANCE PERFORMANCE WITH A QUALITATIVE 


SHIFT IN REINFORCERS ! 


WILLIAM BEVAN axp EDWARD D. TURNER 


Kansas State University 


This experiment examined the effect of a qualitative shift in reinforcers 
upon performance in a simple vigilance task. Ss in 5 independent 
groups reported the absence of a tone as it occurred from time to time in 
a series presented at regular intervals for approximately 1 hr. An un- 
reinforced group performed at about the 50€; detection level through- 


out. 2 groups, 1 receiving a penny for each correct response throughout 
"ing a mild electric shock for each error, performed equally 


and 1 re 


well and significantly better than the 


unreinforced group. The best per- 


formance occurred in 2 groups experiencing a qualitative shift in rein- 


forcers from the 


1st to the 2nd halves of the experimental task. Fur- 


thermore, the direction of change—from coins for correct responses to 
shock for errors or vice versa—had no demonstrable relationship to the 


facilitation of performance. 


sary to allow S prior knowledge of his ri 
tion of the reinforcement shift became an inevitable 
The data indicate that such anticipation. was effective in 
rformance both before and after the actual occurrence of 


tion. 
facilitating pe 
the shift. 


Recent experimental studies (Ad- 
amson, Bevan, & Maier, 1961; Bevan 
& Adamson, 1960; Black, Adamson, 
& Bevan, 1961) have dealt with the 
effectiveness of a particular reinforcer 
as a function of the intensive level of 
prior stimulation and have given rise 
to an interpretation of reinforcement 
phenomena in terms of adaptation- 
level theory (Bevan, 1963; Bevan & 
Adamson, 1962). Reinforcement con- 
trast is a phenomenon readily accom- 
modated by this conceptual approach. 
The present experiment attempts to 
extend its rationale and to explore the 


effect of a nonrandom shift in the 
of the reinforcer. 


qualitative nature 
Here two possibilities seem reason- 
able: (a) Qualitative differences in 

intensive 


reinforcer are incidental to ! 2 
differences and thus qualitative shifts 


will influence performance efficiency 


1 This experiment was performed, under 
Contract Nonr-3634(013 a hy iological 
S $ i a the & t 

tate University and Naval Research. 


Psychology Branch, Office of 
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Since shock was involved and it was neces- 


einforcement treatment, anticipa- 
adjunctive condi- 


only when an intensive shift is also 
involved. (b) Extending the “law 
of affective contrast" (Bacon, Rood, 
& Washburn, 1914), the affective 
properties of stimuli are important to 
their role as reinforcers and thus a 
qualitative shift should eventuate in a 


contrast effect even in those cases 
where no intensive differences are 
involved. 

METHOD 


Design.—The experimental task involved 
a series of short tones at regular intervals 
with occasional missing signals and instruc- 
tions to report the latter by pressing a 
telegraph key. Reinforcement consisted of 
mild shock for errors and/or pennies for 
correct detections. Because shock was 
specified for certain of the Ss, each S scheduled 
for reinforcement received at the outset of 
testing information about reinforcement ap- 
propriate to his experimental assignment. He 
was told that he would receive shock for 
errors throughout, pennies for correct de- 
,tections throughout, or one form with a shift 
to the other sometime during testing. 

The design involved five independent 


groups: 
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The Ss in the control group 
reinforcement throughout the 


Group I. 
received no 
test sequence. - 

Groups II, and Ip. The Ss in these two 
groups received one type of reinforcement, 
reward or punishment, throughout the test 
sequence. They represent the traditional 
reinforcement condition. i D. 

Groups IlI, p and IIIy,. The Ss in these 
two groups received one type of reinforce- 
ment, reward or punishment, during the first 
half of the test session, and the other, punish- 
ment or reward, during the second half. 


The present vigilance task was chosen as 
the experimental vehicle after preliminary 
work with a variety of materials because it 
was sufficiently difficult to allow for improve- 
ment in performance with reinforcement and 
at the same time yielded stable enough 
performance to allow for a competent assess- 
ment of the effect of the qualitative shift. 

Subjects—The Ss were 50 introductory 
psychology students divided at random into 
five groups of 10 each, with an approximately 
equal number of men and women in each 
group. . . 

Apparatus.—The auditory signal Was a 
1,000-cps tone, 4 sec. long, with a rise and 
decay time of ji sec. The interstimulus 
interval was 1 sec. "There were 32 missing 
signals scheduled randomly throughout the 
test sequence at 3, 1-, 2-, and 4-min. intervals. 
This program, on high-fidelity magnetic tape, 
was reproduced on a Webcor recorder (Model 
No. EP 2101-1) and played through Willson 
sound-barrier earphones. The S's detection 
responses, along with the occurrence of the 
signals and the presentation of the reinforce- 
ment, were recorded on an Esterline-Angus 
recorder. Pennies for correct responses were 
delivered from a dispenser designed and con- 
structed at the laboratories of the Menninger 
Foundation. The 0.2-sec. 3-mamp. shock 
Íor errors was generated by an Applegate 
electronic stimulator (Model 226B). 


Procedure—The Ss were tested individ- 
ually in a dimly lit, 


a 3 sound-insulated room. 
First, a Series of pretest signals was used to 
establish S's 50% detection threshold. The 
E then explained the task and the particular 
condition of rein 


: forcement to be applied. 
Next a 2-min. Series of tones, all leary above 
threshold and with the third, fourth, fifth, 


fourth, and third tones missing, was pre- 
sented to further familiarize 5 with the nature 
of the task and S’s questions Were answered 
Finally, the experimental program Was run at 
the 50% detection intensity, The duration 
of the experimental session was approximately 
1hr. 
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RESULTS AND DISCUSSION 


Performance on the auditory vigilance | 
task.—Curve I in Fig. 1 presents the 
average number of errors made by the 
unreinforced group during the first 
and second halves of the test task. 
Its most striking characteristic is that, 
unlike functions commonly obtained 
with simple monitoring tasks, it shows 
no performance decrement with the 
passage of time. The average number 
of detection errors was 7.9 for the first 
16 missing signals and 7.3 for the last 
16. Thus, performance was approxi- 
mately at the 5097 detection threshold 
throughout Analysis of the program 
into successive blocks of 4 missing 
signals each showed no Systematic 
Shifts in performance from block 
to: block, Pues us. (1, 72) = .26, 
p.05. 
Such results appear to be consistent 
with Deese's (1955) "activation hy- 
pothesis" which views the problem of 
maintaining vigilance as one of moni- 
toring a background of sensory input. 


ERRORS 


1" HALF 2" HALF 
Fic. 1. Average errors on a simple vigi- 
lance task under different conditions of rein- 


forcement. (I is the control group. Ir rep- 
resents combined data for groups receiving 
either reward or punishment throughout the 
task. III represents combined data for 
groups shifting from reward to punishment or 
punishment to reward on the second half of 
the task.) 
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The present task, the complement of 
the typical vigilance program with its 
infrequently occurring signals, would 
appear to meet this requirement. 
Effect of reinforcement upon vigi-. 
lance performance.— Curves II and III 
indicate clearly that reinforcement 
facilitated vigilance performance, 
Fi vs. nn, ut (1, 45) = 11.52, P. € .001. 
In this respect, the present results 
join a growing literature. Under the 
particular conditions of simple rein- 
forcement of this experiment (Cond. 
Il), reward and punishment—i.e., 
pennies and mild shock—were equally 
facilitative, ur ve. tt». CL 45) < 1.0, 
p > 05. This represents a fortunate 
circumstance, for it permits E to test 
for a possible contrast effect, uncon- 
founded by intensive differences be- 
tween the reinforcers involved in the 
qualitative change. 
Performance under conditions of 
simple and changed reinforcement. — 
A comparison of Group II and Group 
III performance on the second. half of 
the task indicates the superiority of 
the latter and suggests a contrast-like 
effect. It would appear that a change 
in affective quality associated with 
reinforcement leads to enhanced affec- 
tive tone and better performance. 
However, inspection of Curve IH 
forces rejection of this simple conclu- 
sion, for the groups subjected to the 
reinforcement shift were also superior 
in the first half of the task. Errors 


‘onificantly fewer through- 
averaged significantly ar pea 


out than in H, rr vs. 1 ) 
p «.05 and there was no difference 
in the slopes of the two reinforcement 


, slope (4 45) 
282 across S. Furthermore the 
direction of qualitative shift made no 
reliabledifference in its effect upon per- 
formance, Fr vs. H»* (1,45) € 1.0, 


Pun t the conclusion 


These data prompt ^ 
that an additional ingredient had been 


added to the reinforcement situation 
from the outset. Review of procedure 
readily identifies this ingredient: an- 
ticipation of shift. Because electric 
shock was included as one form of 
reinforcer, it was unavoidable that Ss 
scheduled to receive shock be in- 
formed of this condition. The re- 
quirements of good experimental pro- 
cedure then demanded that all groups 
scheduled for reinforcement be given 
prior information about their treat- 
ment. Under these circumstances, it 
seems reasonable to interpret the 
superior performance of Group III to 
result from a summation of physical 
reinforcement and anticipation. By 
the same token, there is an inevitable 
confounding between the anticipation 
of and the actual occurrence of a shift 
that precludes any statement about 
the influence of the shift per se. At 
the same time, the marked superiority 
of the groups experiencing shift over 
the unreinforced group is an empirical 
datum worthy of note. 


Two conditions militate against the 
a qualitative contrast 


initial level of errors in 
and the averaging of 
performance across each half. In 
order to sharpen up the preshift- 
postshift difference, improvement in 
performance from the last block of 


four test trials before the shift to the 
first four trials after the shift was com- 
pared for Cond. II and III. This 
comparison failed to reveal any quali- 
tative contrast effect, Fair. (1, 45) 
= 2.00, p > .05. 

Since anticipation of reinforcement 
shift confounds the assessment of the 
shift itself, an experimental situation 
allowing for the introduction of a 
change in reinforcers without S's prior 
knowledge provides a better test of the 
contrast effect. This is most readily 
accomplished with animals and such 


appearance of 
effect: the low 
the IIl groups 
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is 


a study now underway in our 
laboratory. 

REFERENCES 
ApAMSsON, R., BEvaw, W., & Mater, B. 


Shiíts in bar pressing as a function of 
alternating extinction and reinforcement. 
J. gen. Psychol., 1961, 64, 147-152. 

Bacon, M. M., Roop, E. A., & WASHBURN, 
M.F. Astudy of affective contrast. Amer. 
J. Psychol., 1914, 25, 290-293. 

Bevan, W. The pooling mechanism and the 
phenomena of reinforcement. In O. J. 
Harvey (Ed.), Motivation and social inter- 
action. New York: Ronald Press, 1963. 
Pp. 18-34. 


EDWARD D. TURNER 


BEvAN, W., & ApAMSON, R. Reinforcers and 
reinforcement: Their relation to maze per- 
formance. J. exp. Psychol., 1960, 59, 226- 
232. 

BEvaN, W., & Apamsox, R. Internal refer- 
ents and the concept of reinforcement. In 
N. F. Washburne (Ed.), Decisions, value 
and groups. Vol. 2. New York: Pergamon 


Press, 1962. Pp. -472. 

Brack, R., ApAMSON, Rọ, & Bevan, W. 
Runway behavior as a function of apparent 
intensity of shock. J. comp. physiol. 


Psychol., 1961, 54, 270-274. 
Some problems in the theory of 
Psychol. Rev., 1955, 62, 359-368. 


(Received April 11, 1964) 


Journal of Experiment Ci 
urnul | Ex al Psy , 
1965, Vol. 70, No. tol Fechas 


EFFECT OF SUCCESSIVE ADDITION OF 5 
i OF SUC i | OF STIMULU 
ELEMENTS ON PAIRED-ASSOCIATE deeem 


SAM C. BROWN 


Kansas State University 


WILLIAM F. BATTIG 
University of Maryland 


and RICHARD PEARLSTEIN 


University of Virginia 


Successive addition 
attainment of lowor high le 
itated paired-associate learning, both 
and consistency (unmixe 
with the typic 
presented from the outset. Le 
performance, but interacted with seq 
Postexperimental reci 
substantial r 
especially under high-criterion condit 
in terms of a reduction in interfe! 
letters to overcome such interference 
under successive-addition conditions. 


h concerned with 
the role of serial-position cues in 
paired-associate learning (Battig, 
Brown, & Nelson, 1963; Brown & 
Battig, 1962) has indicated these cues 
to develop functional stimulus prop- 
erties, in addition to rather than in 
place of the presented stimulus term, 
primarily during and following inter- 
: f learning (e£ after 
- has been responded to 
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at 


Previous researcl 


a given pait 
correctly)- 

(1964) demonstra 
interference develops maximally 


intermediate stages of pa 


learning, it WOU 
belated facilitat 
added serial-pos! 


been to help overcome OF reduce such 


d at the 
a Public 
p to the 


1 This investiga was conducte 
i irgi supported by 
ral fellowshi 


first author, and ?? 
Research Grants M- 5769-02 and ‘ 
03 to the second aut hor Analysis abthe data 
and preparatior i script were com- 
pleted during the second à 
Visiting Scholar at the Institute of pec 
Learning, University of California, Berkeley. 
87 
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letters, following 
for ¢ 1 significantly facil- 
with interpair variation (mixed) 


d) in sequence of letter addition, as compared 


1l 3 stimulus letters were 


uence of unmixed letter addition. 
tters showed lesser but still 
by successive-addition groups, 
The results are interpreted 
ffective use of added 
ages of learning, 


ions. 


at intermediate st 


interpair interference. More general 
indications that additional stimulus 
cues become learned as a means of 
combating interpair interference have 
come from (a) Johnson's (1964) 
demonstration that amount of stim- 
ulus learning of nonsense shapes, as 
indexed by subsequent recognition 
accuracy, becomes markedly greater 
with increasing paired-associate task 
difficulty and interpair interference, 
and (b) the incidental finding of both 
Sundland and Wickens (1962) and 
Newman (1963) that an additional 
stimulus cue, although leading to 
poorer initial performance than for a 
single-cue group, produced slightly 
better performance by the final test 
trial. 

The foregoing analysis deviates 
somewhat from Underwood's (1963) 
recent discussion of stimulus selection, 
which implies that instead of associat- 
ing the response with an entire multi- 
element stimulus, Ss will typically 
select the one of these elements that 
provides the most effective functional 
stimulus. According to this view, the 
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addition of new elements to an already 
adequate one-element stimulus, at or 
after intermediate stages of learning, 
should produce little or no learning or 
use of these added elements. Based 
on the present analysis, however, it 
would follow that the introduction of 
new elements at intermediate stages of 
learning, where interpair interference 
is maximal, should produce more effec- 
tive learning and use of these added 
elements to combat interpair interfer- 
ence, than if the added elements are 
present initially so as to represent an 
additional source of interference per 
se (Newman, 1963). To evaluate this 
possibility, the present study com- 
pared performance using constant 
three-letter stimulus terms, against 
conditions beginning with a single- 
letter stimulus and successively add- 
ing second and third letters upon 
the attainment of specified learning 
criteria. 
METHOD 


Subjects and materials.—Each of 120 paid 
Ss, all summer session students or affiliates 
at the University of Virginia, learned the 
same six-pair list (MJX-BAG; PVN-BIG; SZL- 
BIN; CFK-TAG; RBW-TAN; and HQY-TIN). All 
stimulus terms were consonant syllables of 
zero frequency of occurrence in the English 
language and minimal interletter association 
value (Underwood & Schulz, 1960), with no 
letter being duplicated within the list. The 
six response terms, maximally alike in letter 
composition, were all highly meaningful 
words of 99-100% Archer (1960) association 
value, and with Thorndike-Lorge (1944) 
frequencies of at least six per million. 

Design.—According to a predetermined 
unsystematic Sequence based on order of 
appearance in the laboratory, Ss were as- 
signed to five basic groups of 24 each, which 
differed only with Tespect to the particular 
stimulus letters Presented at various stages of 
learning. For the control group, the typical 
recall paired-associate Procedure 
ployed, with all three stimulus le 
sented on each trial. In the other four groups 
however, only one stimulus letter Was ‘pre: 
sented for each pair on initial trials, with the 
other two letters being successively added on 
subsequent trials. For the mixed group, one 
of the six pairs represented each of the six 


Was em- 
tters pre- 


possible sequences of addition of the letters 
appearing in the left (L), middle (M), and 
right (R) positions in the syllable (LMR, 
LRM, MLR, MRL, RLM, and RML). 
Through a Latin-square counterbalancing 
arrangement, cach of the six sequences was 
used equally often within each pair. For each 
in the remaining three unmixed groups, all 
six pairs involved the identical sequence of 
letter addition, these being LMR, MRL, and 
RLM, respectively, for the three groups. 
Within each mixed and unmixed group, half 
of the Ss constituted a low-criterion condition, 
wherein the second stimulus letter was added 
to each pair on the trial immediately following 
the first correct response to the one-letter 
stimulus, and the third letter was introduced 
after the trial of the first correct response to 
the two-letter stimulus. For the high- 
criterion Ss, addition of the second and third 
letters to each pair was correspondingly con- 
tingent upon attainment of a criterion of three 
consecutive correct responses to that pair. 
Learning for all Ss, including the control 
group, was continued to the same criterion of 
three successive errorless trials on the entire 
list with the three-letter stimulus. 

Each group and subgroup was equally sub- 
divided according to whether Ss spelled or 
Pronounced their responses, and half of the 
Ss under cach condition were run by each of 
two Es. Since neither of these variables 
significantly affected Performance, either 
alone or in interaction, they have been ignored 
in presentation of the results. 

Procedure.—Each recall-method trial began 
with the manual presentation of the six pairs 
typed on 3 X 5 in. cards at a 3-sec. rate, 
followed after 15 sec. by the presentation in a 
different serial order of the six stimulus terms 
alone at a 3-sec. rate for attempted response- 
term recall. The intertrial interval was 30 
sec. Following the final criterion trial, each .S 
was given a sheet containing the six response 
terms, and attempted to write down on a line 
to the left of each response term as many of 
the three correct stimulus letters as possible 
within a 2-min. time limit. Subsequent re- 
learning trials were then given to a criterion 
of one errorless trial, in which only the initial 
one-letter stimulus was presented to the four 
successive-addition groups, and the first (L) 
letter to the control group. Each S was then 
questioned as to which of the three stimulus 
letters he had used for the various pairs. 


RESULTS 


As shown in Table 1, the successive- 
addition procedure necessarily re- 
quired significantly more trials than 
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TABLE 1 


MEAN TOTAL TRIALS AND Errors TO CRITERION FOR GROUPS AND SUBGROUPS 


Group 
Contro | Mixed RLM LMR MRL | Total 

Trials 
LOW 12.8 E 10.5 13.3 114 
High 15.8 17.6 16.3 13.5 15.8 
Total 10.5 14.3 13.4 13.4 13.4 

Errors = 
Low 17.8 .9 | 16.3 26.7 17.7 
High 18.6 20.8 17.6 10.8 16 
Total 23.9 18.2 15.3 17.0 18.7 

for the control group, F (1,102) criterion trials, however, were not 


= 7.97, p < .01, but also produced 
consistently fewer total errors. Al- 
though the error difference in favor 
of the combined successive-addition 
over control procedures fell short of 
significance, F (1,102) = 3.50, p < .10, 
two of the individual unmixed groups 
(LMR and RLM) were significantly 
(p < .05) below the control group in 
total errors. A further breakdown 
into before errors (preceding the first 
correct response to each pair) and 
after errors (errors after each pair had 
been responded to correctly for the 
first time) indicated the former meas- 
ure to be primarily responsible for the 
difference between successive addition 
(9.6) and control (15.6) conditions, 
F (1, 102) = 12.95, p < .001. How- 
ever, insignificantly (F < 1) fewer 
after errors were also made by succes- 
sive-addition (7.6) than control groups 
(8.3), even though for the former 
groups this measure included those 
errors produced by the delayed intro- 
duction of the second and third 


stimulus letters. 

Similarly, insignificantly (F < 1) 
fewer total errors were made by 
the combined high- than low-crite- 
rion subgroups, although significantly 
more trials were necessitated under 
high- than low-criterion conditions, 
F (1, 102) = 19.83, p < 001. Low- 


significantly above the control group 
(F <1). As shown in Table 1, the 
high-criterion superiority in total er- 
rors was limited primarily to the 
MRL group, the other three succes- 
sive-addition groups showing a general 
slight low-criterion superiority, which 
led to significant Criterion X Suc- 
cessive-Addition Groups interactions 
both for errors and trials measures, 
Fs (3,102) = 3.12 and 3.18, p’s < .05. 
After errors produced a similar inter- 
action (F = 3.97, p = .01) which 
reflected not only the sharp MRL 
high- (3.3) over low-criterion (14.8) 
superiority, but also a contrasting 
decrement in high- (11.1) as compared 
with low-criterion performance (3.8) 
within the RLM group. The non. 
significance of this interaction for be. 
fore errors (F = 1.35, p> .25) in- 
cgi the effect to bea genuine result 
of the experimental manipulations 
rather than a sampling error queer. 
dd, Cone differences in learning 


As contrasted with the three 


uamiked successive-addition groups 
d M performance was a 
cag sg ub the mixed group 
E bei, ificantly fewer mean errors 
ran on the two pairs (LMR and 
) for which the one-letter stin 
ulus was also the first letter (2 3) 
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than on the other four pairs (3.4), 
F (1,102) = 8.70, p « .005. How- 
ever, mixed-unmixed differences did 
not approach significance (p » .25) 
either for the entire list or for pairs 
constituting the three unmixed se- 
quences, and no other differences be- 
tween mixed-list sequences were ob- 
served (F < 1). Moreover, there was 
no evidence of any Sequence X Crite- 
rion interaction (F « 1) comparable 
to that observed between the three 
unmixed sequences, the corresponding 
mixed differences being numerically 
in the opposite direction. 

Stimulus recall.—Presented in Fig. 1 
for each of the three stimulus letters 
is the mean percentage correctly 
recalled by each group. The group 
differences displayed in Fig. 1 reflect 
(a) the near perfect recall by each 
of the three unmixed groups of the 
initial one-letter stimulus (95.5%), 
with a marked decrement for the 
added second (44.1%) and third 
(37.0%) letters, especially for the 
LMR group, (b) a lesser but con- 
sistent overall superiority of recall 
for the L (70.1%) over the M (58.5%) 
and R (56.5%) letters, and (c) more 
total letters recalled by the control 
(73.1%) and mixed (66.2%) groups, 
and less by the LMR group (50.5%), 


/' Control 
MP 
60 


40 


PERCENT CORRECT 


STIMULUS LETTER POSITION 


Fic. 1. Mean percent correct recalls of 
cach stimulus letter for each group. 


as compared with the MRL (57.2%) 
and RLM (61.6%) groups. Analyses 
of variance corroborated each of these 
effects, as indicated by significant 
differences between (a) first, second, 
and third added letters, F (2, 160) 
= 191.41, p < .001, shown by trend 
analysis to reflect both significant 
linear and quadratic components 
(p's < .001) and thus primarily the 
superiority of first over second and 
third letters, (b) L, M, and R posi- 
tions, F (2,160) = 13.94, p « .001 
also with both linear (p < .001) and 
quadratic (b < .05) components due 
to the superiority of L over M and R 
positions, and (c) the five groups 
F Li 102) = 4.31, p < .005, shown by 
subsequent analysis to be attributable 
to the superiority of control and mix l 
(p < .025) and ignifi interd 
(b. and near significant inferi 
ority of LMR son 
y J (b < .10) to the other 
two unmixed groups. Recall of the 
initially presented letter was virtually 
identical for mixed (95.195) and "i 
combined unmixed groups (95.6%) ss 
that the overall superiority of the 
former reflected better mixed-gro 
recall of the second (54.9% ee 
-9%) and third 
(48.6%) added lett 
t o ded letters, as compared 
with second- (40.5%) and third-let 
recall (33.1% i rm 
a 1%) by the unmixed 
Howev i i stie un 
I er, neither this interacti 
F (2, 160) = eraction 
a. 2.79, p < .10, nor its 
near component, F (1,80) = 3.55 
P < .10, achieved sig- 


2 statisti ig- 
nificance. ical wt 


The only other significant stimulus- 
recall effect was an overall superiority 
of high- (63.795) over low-criterion 
(54.1%) subgroups, F (1, 102) = 5.34 
p < 025. The high-criterion eub- 
groups, although still inferior to the 
control group, did not differ signifi- 
cantly therefrom, F (1,102) = 3 47 
p < 10. While the Criterion x Pasie 
tions interaction failed to approach 
significance (F < 1), and thus is not 
shown in Fig. 1, the superiority of the 


N 
^ 
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TABLE 2 


NUMBER OF SS IN 


CH GROUP REPORTING Use OF Various STIMULUS COMPONENTS 


| Group 
Reported Stimulus 

| controt | mixed | rae | MRE | RLM 
First letter only 3 10 | 18 | 14 15 
First letter predominant 6 11 | 4 | + | 6 
Two letters | 2 0 1 | 1 0 
All three letters | 10 1 0 | 3 | 3 
Miscellaneous | 3 2 1 | 2 | 0 


high- over the low-criterion subgroups 
was actually numerically greater for 
the third added letter (12.2%) than 
cither the first (6.2%) or second 
(10.4%) letters, even though the 
learning criterion following the addi- 
tion of the third letter was identical 
for the two subgroups. 
Relearning.—helearning perform- 
ance, with only the initial or single- 
letter stimulus being presented, was 
nearly perfect for all groups. All of 
the 48 high-criterion Ss performed 
errorlessly on the first relearning trial, 
as did 38 of the 48 low-criterion Ss 
and 19 of the 24 control Ss. Analysis 
of variance of the relearning error 
scores for the control and low-criterion 
Ss revealed only a significant inferi- 
ority of the MRL subgroup (1.3) to 
the other groups combined (0.3), 
F (1,62) = 7.29, p < .01. 
Postexperimental questioning.—The 
number of Ss in each group indicating 
the use of each number of stimulus 
letters is presented in Table 2, which 
suggests a greater reported depend- 
ence on a single letter by the succes- 
sive-addition than by the control Ss, 
also a nearly equal division 
control group between Ss 
ntly selected one or two 
letters and those who 
of all three 


and 
within the 
who consiste 
of the stimulus le 
making use 


reported 


letters. 
DISCUSSION 


s clearly demon- 


result 
The present tation throughout 


strate that the presen 


learning of all letters of trigram stimuli 
is less efficient than the present succes- 
sive-addition procedure, in terms of 
number of errors required to reach a list- 
based performance criterion. Since the 
control-group inferiority was primarily 
in before errors, it can be attributed 
largely to the greater initial interference 
produced by multi- than single-element 
stimuli (Newman, 1963), probably re- 
flecting Ss' efforts to learn each of the 
stimulus letters per se, or to select from 
among them, rather than learning asso- 
ciations with the response. However, 
numerically fewer after errors were also 
made by successive-addition groups, even 
though the addition of new previously 
unseen stimulus letters would be expected 
to represent a major source of interfer- 
ence in itself, and the successive-addition 
Ss were in effect required to achieve three 
learning criteria as contrasted with the 
single criterion for the control group. 
Nonetheless, only for the unmixed MRL 
group was there any indication of 
significant interference from the succes- 
sive-addition procedure, and even here 
it was limited to the low-criterion sub- 
group. This interaction, such that the 
MRL high-criterion subgroup showed a 
marked reduction in errors relative to 
low-criterion Ss, suggests that if the 
initial one-letter stimulus is to appear in 
the middle of the final three-letter con- 
figuration, it must be learned to a high 
degree in order to avoid interference from 
the successive addition of both preceding 
and following letters. 

There are several indications that the 
facilitation for successive-addition Ss 
was at least partially due to their more 
effective use of the added stimulus 
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letters to overcome interpair interference 
produced from other sources. That 
substantial interference was involved 
with the present materials is demon- 
strated by the fact that of the total errors 
combined over all groups, 41.7% oc- 
curred on pairs after they had been 
responded to correctly, and also by the 
recent results of Chang and Shepard 
(1964). Not only was there substantial 
learning of the second and third letters 
under successive-addition conditions, de- 
spite their probable lesser availability, 
but this was significantly greater for 
mixed groups, for whom the inconsist- 
ency in sequence of letter addition from 
pair to pair would be expected to provide 
a source of interference not present for 
unmixed groups. Therefore, the equiva- 
lence of mixed and unmixed paired- 
associate performance implies that the 
increased mixed-group learning of added 
stimulus letters had effectively com- 
bated the increased interpair interference 
therein. 

Convincing support is thus provided 
for the generality of the thesis that under 
conditions of appreciable interpair inter- 
ference, additional stimulus cues are 
learned during and following intermedi- 
ate stages of learning as a means of 
combating such interference. During the 
postexperimental questioning, several Ss 
in the successive-addition groups indi- 
cated their use of the added letters for 
this purpose. However, substantial re- 
call of added elements was also demon- 
strated by Ss who reported trying to 
ignore them, several of whom expressed 
puzzlement as to how and why these 
letters could be successfully recalled. 

The group differences in stimulus 
recall displayed in Fig. 1 are clearly 
indicative of marked discrepancies be- 
tween the nominal and functional stim- 
ulus in paired-associate learning, in 
support of Underwood's (1963) analysis. 

They indicate, however, that Under- 
wood's views concerning stimulus selec- 
tion may have at best limited generality, 
since the present Ss demonstrated sub- 
stantial learning of additional stimulus 
elements even under conditions expressly 


designed to maximize selection of a 


single-element stimulus. The substantial 
level of interpair interference under the 
present conditions is likely responsible 
for this discrepancy, as well as for the 
greater dependence upon a single-letter 
stimulus reported by Maddocks (Under- 
wood & Schulz, 1960) and the greater 
effects of spatial position of the letter 
found by Jenkins (1963), inasmuch as 
both studies probably involved consider- 
ably less interpair interference than the 
present one. 

Since none of the letters appeared more 
than once in the present list of stimulus 
terms, meaning that each added letter 
was completely relevant but redundant 
in information-theory terms, the present 
finding of initial interference rather than 
facilitation under the control-group pro- 
cedure runs counter to previous results 
with this variable (e.g., Bourne & Hay- 
good, 1959; Garner, 1962; Haygood & 
Bourne, 1964). The discrepancy may 
reflect the complete absence of any initial 
representation whatever of the added 
elements under the present successive- 
addition procedure, whereas with the 
geometric forms employed in the concept- 
identification experiments of Bourne and 
Haygood, such dimensions (e.g., size 
color) are held constant at some fixed 
value but are nonetheless present under 
the corresponding “nonredundant” pro- 
cedures. For these and other reasons, 
greater interitem interference appears to 
be involved in concept-learning situations 
(Fallon & Battig, 1964), so that an 
stimulus redundancy therei : 
be more needed t prises a5 
l o combat this increased 
interference than under the present rote- 
learning conditions. Also noteworthy in 
this connection is an unpublished finding 
in the Bourne-Haygood experiments, 
that under conditions of stimulus re- 
dundancy Ss show increased learning of 
additional stimulus dimensions during 
the course of the required criterion run 
of 16 consecutive correct responses.? 
This result is consistent with the recall 
of added elements observed in the present 
study, as well as supportive of the present 
interpretation. 


2L. E. Bourne, Jr., personal communi 
. unica- 
tion, 1964. 
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ADDING STIMULUS 


A more direct test of the proposed ex- 
planation for the facilitation produced by 
the successive addition of stimulus 
elements would call for the investigation 
of this variable under conditions of 
systematic manipulation of the amount 
of interpair interference within the list, 
by varying length of list, response 
similarity, or other nonstimulus factors 
related to such interference. Also de- 
serving of systematic investigation would 
be the relative effects of introducing 
nonoverlapping distinctive elements (as 
in the present study) as compared with 
elements common to or shared by one or 
more of the stimulus terms. Clearly the 
successive-addition procedure represents 
a promising technique for the continued 
investigation of the role played by 
stimulus cues in paired-associate tasks. 
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SOURCES OF TRANSFER FROM ORIGINAL TRAINING 
TO DISCRIMINATION REVERSAL? 


W. B. COATE? axp R. ALLEN GARDNER? 
Wellesley College 


104 white rats were trained on 2 simultaneous discrimination problems; 


Problem A was presented on 3 out of 
trials. 


4 trials, Problem B on 1 out of 4 


Half of the Ss were reversed on Problem A and half on Problem 


B. Whether reversed immediately after reaching criterion on Problem 


A or after overtraining on Problem 
Problem A performed significantly 


A, groups that were reversed on 


poorer than controls that were 


treated identically except that they were reversed on Problem B in- 
stead of Problem A. Also, a source of transfer was identified that could 
account for a positive effect of overtraining trials on discrimination 


reversal under some conditions. 


Under certain, as yet unspecified, 
conditions there is a positive relation 
between the rate of discrimination 
reversal and the number of post- 
criterion trials with the original prob- 
lem. Mackintosh, 1962, 1963; and 
others cited by Erlebacher, 1963, have 
found such an effect although Clayton, 
1963; Hill and Spear, 1963; Erle- 
bacher, 1963; and others cited by 
Erlebacher, 1963, have not. It has 
been suggested that positive transfer 
from original training to discrimina- 
tion reversal is based on discrimina- 
tive processes (S-R habits or cognitive 
processes) that develop late in original 
training and make it easier to dis- 
criminate S+ from S— during both 
original training and discrimination 
reversal. 

There are, however, other bases for 
positive transfer in the overtraining 
procedure. Typically, the overtrained 
animals have not only received addi- 
tional trials with the original problem, 
but they have also received additional 

handling, additional adaptation to the 
deprivation schedule, and additional 


1 Supported by Grant MH 4337-02 from 
the National Institutes of Health. 

2Now at Hazleton Laboratories, 
Church, Virginia. 

3 Now at the University of Nevada. 
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exposure to the procedure and ap- 
paratus of the experiment before the 
beginning of discrimination reversal 
While not strictly speaking dis- 
criminative in nature, these con- 
comitants of overtraining could ac- 
count for the positive transfer that 
has been demonstrated so far. 

, In order to demonstrate that posi- 
tive transfer from overtraining to 
discrimination reversal is based on a 
discriminative process, it is necessary 
first of all to control for the non- 
discriminative concomitants of over- 
training. This was the object of the 
present experiment. 


METHOD 


Subjects. —The Ss were 104 male Spr: 

Dawley rats obtained from the Charles Riv 

3 c a er 
Breeding Laboratories when they were be- 
tween 90 and 120 days old. 

Apparatus —The experimental compart- 
ment used for Discrimination Training is 
shown in Fig. 1. It consisted of a choice 
chamber and a treadle chamber connected by 
a narrow passageway and covered by a lid 
The front wall of the choice chamber was con. 
structed in two sections separated by a 
wedge-shaped partition. In the middle of 
each section, flush with the floor of the cham- 
ber, was a 3-in. circular opening. Each open- 
ing was covered by a clear Plexiglas panel 
(P), hinged at the top so that it could be 
pushed outwards to actuate a microswitch. 


ague- 


aa 


a 
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Fic. 1. 


Outside the chamber, just beyond each panel 
were the screens of two IEEE projectors (not 
shown). When the screens were dark, both 
could be lighted by a momentary depression 
of the treadle (T), and both were darkened 
by the first push on either panel. A correct 
choice was rewarded with a bead of water, 
delivered automatically by a solenoid- 
operated dipper, through an aperture (D) in 
the floor of the choice chamber. Cutouts in 
the partition permitted S to take his rewards 
from either side. 

A second apparatus, used for Preliminary 
Training, had the same floor plan as the com- 
partment shown in Fig. 1. The front wall of 
the Preliminary Training compartment could 
be removed and replaced by a front wall that 
had only one circular opening and panel in 
its center. The panels used in Preliminary 
Training were translucent rather than trans- 
parent, and were individually lighted by lamps 
outside the compartment. When lighted, 
these panels presented a homogeneous white 
field. 

The experimental rooms were maintained 
in darkness, with a sound screen of white 
the automatic control and recording 


noise; i 
apparatus Was kept in a separate room. 
ood was available in 


ivation.— Dry f 
M cages at all times. For 6 days be- 
fore the beginning of Preliminary Training, 
each S was placed on à 23-hr. schedule 
of water deprivation. During gegen d 
Training and Discrimination bi cQ e 
S was given free access to water in = iv ing 
cage for 30 min. each day, and was a 
of water for approximately 23 hr. at the star 
of each daily training session. Mr 

Preliminary Training Each S was ha 

dled once daily for 4 days before the beginning 


TION REVERSAL 


6 INCHES 


Diagram of the Discrimination Training compartment. 


of Preliminary Training. Preliminary Train- 
ing consisted of seven, daily, 30-min. sessions 
in the Preliminary Training compartment 
followed by one 48-trial session in the Dis- 
crimination Training compartment. During 
Days 1-4, the single-paneled front wall of the 
choice chamber was in place. On Day 1, S 
was confined to the choice chamber by a block 
placed in the passageway. The single panel 
remained lighted throughout the session and 
all panel pushes were rewarded. On Days 
2-4, the block was removed and S was free 
to move through the passageway between the 
choice chamber and the treadle chamber. 
When the panel was pushed while it was 
lighted, a reward was delivered and the panel 
was darkened immediately. The panel was 
relighted when S depressed the treadle. On 
Days 5-7, the single-paneled front wall was 
replaced by the double-paneled wall with its 
partition as shown in Fig. l. Now, when S 
depressed the treadle, one panel was lighted 
and the other remained dark. Pushing the 
lighted panel was rewarded, pushing the dark 
panel was not rewarded, and pushing either 
panel darkened both. Day 8 of Preliminary 
Training consisted of 48 trials conducted in 
the Discrimination Training apparatus under 
the procedure of Days 5-7. 

„Discrimination Training. —There were 48 
trials on the first day of Discrimination Train- 
ing and 96 trials on each day after that during 
both original training and discrimination 
reversal. The discriminanda consisted of 
2.5-in. circular fields of stripes. Each stripe 
was 0.5 in. wide and there were three black 
and two white stripes. The discriminanda 
differed only in their angular orientation and 
the four angles that were used were 0°, 30°, 
90°, and 150°. For half of the Ss, Problem A 
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TABLE 1 


EXPERIMENTAL DESIGN 


- : 
Group | Criterion Problem | Reversal Problem 


AA A | A 
AB A B 
BA B A 
BB B B 


was 0°(+) vs. 30°(—) and Problem B was 
90°(+) vs. 150*(—), and for the other half, 
Problem A was 90°(+) vs. 150°(—) and 
Problem B was 0°(-++) vs. 30°(—). Thirty 
degrees and 150° were paired with 0° and 90° 
on the basis of pilot data which indicated that 
this would tend to equate the difficulty of 
the two problems). 

During original training, the S+ and S— 
of Problem A were presented together for 36 
out of every 48 trials, and the S+ and S— 
of Problem B were presented for the remaining 
12 trials. The 12 Problem B trials were evenly 
distributed over each block of 48, and left/ 
right orientation of S+ and S— was counter- 
balanced and evenly distributed over each 
block of 48 trials for both Problem A and 
Problem B. 

For half of the Ss original training ter- 
minated with the trial on which they reached 
a criterion of 15 correct out of 16 consecutive 
Problem A trials, regardless of their perform- 
ance on Problem B. For the other half, 
original training terminated with the trial on 
which they reached a criterion of 15 correct 
out of 16 consecutive Problem B trials, 
regardless of their performance on Problem A. 
, Reversal training began on the day follow- 
ing termination of original training and lasted 
for 7 days. Only one Problem, either A or B, 
was presented during all trials of reversal 
training. Half of the Ss were reversed on 
Problem A and the other half on Problem B. 
The four groups which resulted are shown in 
Table 1. Twenty-six Ss were randomly 
assigned to each group in such a way that all 
four groups were approximately equated with 
respect to the time of day and week of the 
experiment during which data were collected. 


RESULTS AND Discussion 


The mean number of Problem A 
trials required to reach criterion on 
Problem A was 330.0. "The results 
of a 4 X 2 analysis of variance per- 
formed on these data were: F (3, 96) 


— 1.18 for the four groups, and 
F (1, 96) — 0.33 for the two replica- 
tions—i.e., whether 0?(4-) vs. 30°(—) 
or 90°(+) vs. 150?(—) served as 
Problem A. Neither F approaches 
significance. A mean of 354.6 post- 
criterion Problem A trials was re- 
ceived by Groups BA and BB before 
they reached criterion on Problem B 
and ¢ for the difference between 
Groups BA and BD was 1.14 (p > .25) 

Performance of all four groups dur- 
ing discrimination reversal is plotted 
in Fig. 2. Analysis of variance was 
performed on the total number of 
correct choices during the 7 days of 
discrimination reversal. The result 
was F (3, 100) = 36.2, p < .001. By 
Duncan's multiple-range test (Ed- 
wards, 1960, pp. 136-140) all of the 
differences between groups shown in 
Fig. 2 were significant beyond the .01 
level of confidence except for the 
difference between Groups AA and 
BA which, however, was significant 
beyond the .05 level. 

Groups AA and AB were treated 
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Fic. 2. Performance during reversal training. 
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identically up to the beginning of 
reversal training. The inferior per- 
formance of Group AA indicates that 
reversal on Problem A which had 
been learned to criterion was more 
difficult than reversal on Problem B 
which had not been learned to crite- 
rion. Groups BA and BB were also 
treated identically up to the beginning 
of reversal training. The inferior 
performance of Group BA indicates 
that reversal on Problem A which had 
been presented beyond the point of 
criterion learning was more difficult 
than reversal on Problem B which 
had only been learned to criterion. 

Groups AA and BB were reversed 
on the problem which they had just 
learned to criterion, and were thus 
equated for level of acquisition on 
their reversal problems. The superior 
performance of Group BB indicates 
that the net effect of the additional 
training that they received yielded 
positive transfer during discrimination 
reversal. This specifies a possible 
source of uncontrolled variance that 
has frequently been overlooked in 
previous investigations of overtraining 
and reversal. 


The comparison between Groups AA 
and BA is most similar to those made in 
previous studies of overtraining and re- 
versal. The inferior performance of 
Group BA indicates that this experiment 
must be added to the growing list 
of those which have found negative 
transfer from overtraining to discrimina- 
tion reversal even when nondiscrimina- 
tive sources of positive transfer were 
confounded with the overtraining. 

All of the differences shown in Fig. 2 
were significant, and all are consistent 
with the conclusion that; both before 
and after the criterion of original learn- 
ing was reached, performance during 
discrimination reversal was (a) a positive 
function of the amount of exposure to the 
experimental procedure, and (b) a nega- 


tive function of the number of trials on 
the original problem. These two sources 
of transfer have been pitted against each 
other in previous studies of overtraining 
and reversal, and this might account for 
the fact that the net effect of overtraining 
has been positive in some experiments 
and negative in others. 

An incidental finding was the sub- 
stantial independence of Problem A and 
Problem B as indicated by the significant 
difference between Groups AA and AB 
and between Groups BA and BB. This 
point was pursued informally by return- 
ing eight Ss of Group BB to the original 
version of Problem A after they had 
finished their 7 days of reversal training 
on Problem B. Seven of these Ss ob- 
tained scores of 91 or more correct out of 
96 trials, the eighth obtained a score of 
84 out of 96. Clearly, performance on 
the original version of Problem A could 
not have been very much impaired by the 
672 trials of reversal training with 
Problem B. This technical feature of 
the present experiment may be useful in 
the design of experiments aimed at other 
problems in discrimination learning. 
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A TEST OF A DISCRIMINATION HYPOTHESIS 
OF SECONDARY REINFORCEMENT! 


NANCY A. MYERS axp JEROME L. MYERS 


University of Massachusetts 


96 preschool children were assigned to 6 groups which differed with 
respect to the method of establishing a light as a secondary reinforcer 
(Sr) in a free-operant situation, and with respect to the schedule of St in a 


choice situation designed to measure S" strength. 


Several predictions, 


enerated by a discrimination hypothesis of Sr, were tested and, with one 
g y yp 


exception, substantiated. 


This experiment had two main pur- 
poses: (a) to evaluate several pre- 
dictions generated by a discrimination 
hypothesis of secondary reinforcement 
(S') (Bitterman, Fedderson, & Tyler, 
1953); (b) to extend the empirical 
results of studies of choice behavior of 
preschool children following different 
schedules of training with a potential 
secondary reinforcer (PS*) and pri- 
mary reward (Fort, 1965). 

To accomplish these ends, two vari- 
ables were manipulated: the method 
of establishing the secondary rein- 
forcer in a button-pressing situation, 
and the method of testing S* effects. 
With respect to the establishment of 
Sr, the PS* appeared either following 
only those responses that were also 
primarily reinforced, or following all 
responses regardless of primary rein- 
forcement. With regard to the test 
of St effects, there were three possible 
conditions: (a) one third of the Ss 
chose between a button that always 
yielded the PSt and a button that 
always yielded a novel stimulus; 
(b) another third of the .Ss chose be- 


1 This research was supported by funds 
from National Institutes of Health Grant 
MH-02620-04. 

The authors wish to thank Nettie Wise, 
Director, Menlo-Atherton Nursery School, 
Menlo Park, California, and I. L. Stewart, 
Director, Educational Guidance Center, Palo 
Alto, California, for their cooperation in 
providing facilities and Ss for this study. 
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tween a button which led to the PS" 
on 20% of presses and a novel 
stimulus button; a final third of the Ss 
chose between a button that always 
yielded the PS* and a button that led 
to the PS" on 20% of presses. 


METHOD 


Apparatus.—The apparatus consisted of 
three units—an S box, a control box, and a 
Western Union tape transmitter. The S box 
had mounted vertically on its front three 
lucite plates, three parallel push buttons, and 
a slot tray. The plates were placed in a 
column on the right, and the buttons on the 
left. The slot tray was located at the bottom 
center of the box. Sliding Masonite panels 
permitted any pair of plates and buttons to 
be concealed from the view of S. A red and 
a green bulb were placed behind each lucite 
plate. When lighted, each of these illumi- 
nated the lucite plate clearly, producing a 
distinct red or green. One of these lights 
served as the potential secondary reinforcer 
(PS') for each of the Ss, Candy-coated 
chocolates (M & Ms) were used as primary 
reinforcers and were dispensed to the slot 
tray through a tube inside the S box. 

The control box and the Western Union 
tape transmitter were connected to the S box 
by a long cable, and were kept behind S and 
at the other end of the room, near E. The 
presentation of the appropriate training and 
testing conditions was accomplished through 
this automatic programing device. 

Subjects.—The Ss were 48 boys and 48 
girls between the ages of 4 yr., 5 mo, and 
6 yr., 3 mo., attending nursery schools and 
kindergartens in Menlo Park and Palo Alto, 
California. 

Procedure. —The Ss were contacted in 
their classrooms, and taken to a separate 
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room for experimental sessions. The E 
pressed the center button on the S box (the 
top and bottom ones were concealed), and 
received a candy. All Ss were told that 
pressing the button would sometimes deliver 
a candy. In addition, half the 5s were told 
that a colored light would accompany the 
candy; the other Ss were informed that the 
colored light would occur with each button 
press. During the subsequent training phase, 
each S was required to respond 75 times; 
15 of these responses produced candy on a 
random schedule. The center button and 
light were then covered, and the other two 
revealed. The E pressed each of the buttons 
once to demonstrate that a red light was seen 
in response to one button, a green light to the 
other. The child was then instructed to play 
with the two buttons as long as he wanted. 
Although S was allowed to respond at his 
own rate throughout the experimental 
session, any S who required more than 8 min. 
to complete the training phase was eliminated. 
During the testing period, E recorded the 
number of responses to each button which 
occurred during each minute, until S chose to 
stop, or until the end of 10 min., at which 
time E terminated the session. Any S who 
stopped before the end of the test received a 
score of zero for each minute that he missed. 
Design.—Six experimental groups of 16 Ss 
(8 boys, 8 girls) each were employed. The 
groups were equated for mean age and school 
representation. All groups responded 75 
times during conditioning and received 20% 
candy reinforcement. One half of the Ss in 
each group was trained with red as the PS', 
while the other half was trained with green. 
One half of each of these groups was pre- 
sented the PS* as the top light in the testing 
period, while the other half found it on the 
bottom. The groups differed with respect to 
the scheduling of the PS" during conditioning 
and with respect to the stimulus choice avail- 
able during testing. There were two possible 


conditioning schedules: 


1. PAS. (positive-association stimulus)— 
The PS was presented following only those 
15 responses which also resulted in the 
presentation of candy. 

2. MAS (mixed-association stimulus)— 
The PSr was presented following all 75 


responses. 


There were three possible test conditions: 


1. 100% St vs. 100% NS'—The Ss were 
required to choose between à button that 
always yielded the colored light. previously 
paired with candy and a button that always 


yielded a colored light that had not been 
present during conditioning (NS). 

2. 20% St vs. 10005, NS'— The Ss were 
required to choose between a button that 
yielded S following 20% of the responses and 
a button that always yielded a colored light 
that had not been present during conditioning 
(NS*). 

3. 100% St vs. 20% St—The Ss were re- 
quired to choose between a button that 
always yielded S* and one that yielded S* 
following only 20% of the responses. 


The combination of conditioning schedules 
and testing choices resulted in the six ex- 
perimental groups. 


RESULTS 


Figure 1 presents the mean number 
of responses made to each button for 
each experimental group. Separate 
analyses of variance were performed 
on the data of the four groups choosing 
between St and NS? buttons, and on 
the data of the two groups choosing 
between 20% S" and 100% S buttons. 
The dependent measure was the num- 
ber of responses made to each button 
during successive 2-min. periods of 
time. 

Considering first the data for the 
four groups who chose between an S* 
and NS button, it is clear that the 
S* button was preferred, F (1, 60) 
= 28.04, p « .001. Averaging over 
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MEAN NUMBER OF RESPONSES 


MAS PAS 


Fic. 1. Mean number of responses on each 
button for each experimental group, 
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PAS and MAS training methods, 
100% presentation of the S for button 
pressing led to a greater preference for 
that button over the NS: button 
than did 20% presentation, F (1, 60) 
= 10.62, p< .01. With regard to 
the interaction of training methods 
and percentages, the 100% S* button 
was more preferred to the 100% NS 
button by the MAS than by the PAS 
group, while the 20% S* button was 
more preferred to the 100% NS" but- 
ton by the PAS than by the MAS 
group. These findings are reflected 
in the significant Methods x Percent- 
ages X Buttons interaction, F (1, 60) 
= 7.88, p < .01. 

€ mean number of responses to 
the S* button dropped from 24.45 in 
the first 2-min, period of testing to 
15.64 in the last 2 min. of testing, 
while the mean response to the NS: 
button dropped from 13.98 to 8.77. 
These effects of Time and Time 
X Button were highly significant, 
F (4,240) = 44.58, p < .001; F (4,240) 
= 6.24, p < .001. 

For the two groups involved, the 
100% S* button was clearly preferred 
to the 2095 Sr button, F (1, 30) 
= 94.42; p< 001. Over time the 
response rate dropped significantly 
on both these buttons, F (4, 240) 
= 35.08, p < .001. 


DiscussioN 


According to a discrimination hypoth- 
esis of secondary reinforcement, response 
strength, during a test in which 
reinforcement is absent, 
related to the degree of similarity be- 
tween the patterns of stimulation occur- 
ring in conditioning and in the test, The 
S makes the secondarily reinforced 
response not to gain a “ney reward” 
but because the presence of a stimulus 
previously present in the conditioning 
phase has misled him into believing that 
primary reinforcement will eventually 
be forthcoming. i 


primary 
is positively 


The relevance of the discrimination hy- 
pothesis to the manipulations of the 
Present study may be clarified by Table 
1. In conditioning, MAS groups initially 
press the middle button (Rm). On all 
trials, the result is a colored light, the 
PS". They then approach the candy 
magazine (Ra). On 2095 of the trials, 
candy (S) is presented. The distinction 
between PAS and MAS groups is that, 
for the PAS Ss, on 80% of the trials, R 


produces no change in stimulation (S). 
In the test phase, one MAS and one 
PAS group is required to choose between 
a button that always yields the previous 
PS" (which is now designated as S") and 
a button that always yields a colored 
light not previously experienced (NS), 
For the MAS group tested in this 
manner, pressing the top button (Ry) 
always produces an S-R chain identical 
to that occurring on 80% of conditioning 


m 


TABLE 1 
STIMULUS-RESPONSE ANALYSIS 


% Occurrence 


Conditioning for MAS Groups 


20 Ra > PSr— R, — SR 
80 Ra — PS —, Ra 
Conditioning for PAS Groupe 

20 Ra > PS'— R, > SR 


80 Rm > § 


Test for the 100% S: Groups 


100 Ri > St > Ra 
100 Ry NS 


Test for the 20% Sr Groups 


20 Re > St —> Ra 
80 R=5 
100 Rp — NS' 


Test for 100% Sr vs. 20% Sr Groups 


20 R> S> Ra 
80 R> 5 
100 Rs >S > R, 
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trials. For the comparable PAS group, 
no such identity of conditioning and test 
chains exists. This S-R analysis leads 
to the prediction that the MAS group 
will show a greater preference for the 
100% S* button than the PAS group. 
The prediction was substantiated by the 
data. 

Next, consider the MAS and PAS 
group whose test involves a choice be- 
tween a button that yields the S" on 
20% of the trials and S on 80%, and a 
button that always yields an NS". For 
the PAS group, pressing the top button 
will, on 80% of these presses, yield a 
chain identical to that experienced on 
8095 of conditioning trials. For the 
MAS group which experiences on only 
20% of Ry test responses a chain that 
occurred on 8095 of conditioning trials, 
generalization, and therefore the S 
effect, should be much less. The pre- 
diction, therefore, is that a greater 
preference for the 20% S" button will be 
shown by the PAS group, as was indeed 
the case. 

The S-R model breaks down when the 
choice between two differentially rein- 
forced buttons is considered. In the 
choice between 100% St and 20% S', the 
discrimination hypothesis predicts that 
the MAS group should prefer the 100% 
S" button; the PAS group should prefer 
the 20% Sr button. Both groups prefer 
the 10095 Sr button. In fact, the dis- 
tribution of responses over the two 
buttons is very similar for the PAS and 
MAS procedures. The preference for 
100% S' is consistent with previous 
findings by Myers and Myers (1962, 
1963, 1964). Those studies differed from 
the present one im that Ss were tested for 


resistance to extinction on a single but- 
ton; S" effects were evaluated on the 
basis of the difference between groups 
receiving 100% Sr and groups receiving 
20% Sr. The resistance to extinction 
data also are not sensitive to the PAS- 
MAS manipulation (Myers & Myers, 
1964). Apparently, the discrimination 
hypothesis accounts for data resulting 
from a choice between two responses, 
only one of which produces any Sr. 
Under other test conditions, the method 
of conditioning is not relevant and St is 
strongest when its percentage of occur- 
rence is greatest. 
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ACOUSTIC SIMILARITY AND INTRUSION ERRORS 
IN SHORT-TERM MEMORY! 
WAYNE A. WICKELGREN 
Massachusetts Institute of Technology 
36 undergraduates were given lists of 8 items (4 digits and 4 letters) s 
presented at .75 sec/item with ordered recall instructions. Ss were 


either to copy the items as presented and then recall or to recall the 


items without prior copying. 
than recall without copyi 


Recall after copying was slightly worse 
ing (p < .05). 


In both conditions, intrusions 


among letters and between letters and numbers tended to follow acoustic 


similarity (p < .001). 


Vowel similarities were more important than 


consonant similarities, but both effects were significant (p « .001). 
There was a correlation of .58 between the number of letters similar toa 
presented letter and the frequency with which that letter was forgotten 


(p < .01). 
motor code. 


Conrad (1962, 1964) investigated 
intrusion errors in the immediate re- 
call of lists of six letters drawn from 
the following 10 letters: B C PTY, 
FMNSX. He found that letters 
whose pronunciation ends with an ''e" 
sound (B C P T V) tend to be confused 
with each other in recall and letters 
whose pronunciation begins with an 
"&" sound (F M NSX) tend to be 
confused with each other in recall. 
This was true even though the letters 
were presented visually at the rate of 
.78 sec/letter under conditions where 
the probability of perceptual error 
was known to be negligible. 

It is tempting to draw three con- 
clusions from Conrad's study: (a) 
Short-term storage is auditory (or 
speech-motor). (b) Acoustically simi- 
lar items are represented by similar 
traces (either overlapping sets of 
neurons or similar patterns of firing of 
neurons). (c) Partial forgetting of an 
item is possible, producing intrusion 

errors that share the unforgotten 
property common to both the original 
item and the intrusion. 

lThis investigation was supported by 

Grant MH 07726-01 from the National 
Institute of Mental Health, Public Health 
Service. , 
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Short-term memory appears to use an auditory or speech- 


The present study attempts to 
provide further support for these con- 
clusions by investigating intrusions 
involving all 26 letters and the digits 
1 through 9. If the above conclusions 
are valid, there should be a significant 
tendency for confusions among letters 
and between letters and digits based 
on any vowel or consonant acoustic 
similarity. In addition to the ē and č 
sounds common to many letters and 
digits, there are other vowel sounds 
(à, ü, i, 6) and consonant sounds 
(/k/, /s/, /j/, etc.) common to two or 
more letters or digits. If Conclusion 
c is valid, the frequency of letter in- 
trusions for any letter should correlate 
with the number of letters which share 
a sound in common with the presented 
letter. Similarly, the number of digit 
intrusions for any letter and the 
number of letter intrusions for any 
digit should correlate with the number 
of digits or letters, respectively, with 
which a common sound is shared. 

The present study differed in sev- 
from Conrad's experiment, 
which should test the generality of the 
relationship between acoustic simi- 
larity and intrusions in short-term 

IL First, presentation of the items 


eral ways 


recall. 


^s 
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was auditory rather than visual. Per- 
ceptual errors were excluded by 
having Ss copy the list as it was 
presented, cover what they had writ- 
ten, and then recall the list. Only 
items that were perceived correctly 
were scored for correct or incorrect 
recall. Second, lists contained eight 
items, rather than six items, because 
the memory span of our Ss was much 
greater. Third, lists contained both 
letters and digits, not just 10 selected 
letters as in Conrad's experiment. 


METHOD 

Lists of eight different items, four letters 
and four digits in random order, were pre- 
sented on tape at the rate of .15 sec/item. 
"The letters were drawn randomly from the set 
of all 26 letters, and the digits were drawn 
randomly from the set 1 through 9. There 
were two conditions in the experiment: (a) 
Recall and (b) Copy + Recall. In the recall 
condition Ss were instructed to attempt to 
fill in eight boxes with the correct list of eight 
items in the correct order, beginning their 
recall after the entire list of eight items had 
been presented. In the copy + recall condi- 
tion Ss were instructed to copy the eight 
items while they were being presented, and as 
soon as they had finished copying they were 
to cover what they had written and attempt 
to recall the list, as in the recall condition. 
Each S received 50 lists under each condition. 
Thirty-six Massachusetts Institute of Tech- 
nology undergraduates taking psychology 
courses participated in the experiment, half 
receiving the two conditions in one order and 
half in the other order. 


RESULTS 


Conrad scored only lists in which 
there was one and only one error. In 
the following analysis this criterion 
was relaxed to include all extralist 
intrusions where the correct item was 
not recalled at some other position in 
the list and. those intralist intrusions 
which occurred in lists with only one 
error. The presumed purpose for 
Conrad’s selection method and the 
explicit purpose of the present selec- 
tion method is to eliminate cases 
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where the intrusion error may be 
presumed to result from forgetting the 
exact posilion of an item, rather than 
partial or complete forgetting of the 
Uem. 

In order to eliminate perceptual 
errors, the following analysis is limited 
to those cases where an S copied an 
item correctly and then failed to recall 
the item correctly. Virtually all of 
the mistakes in copying (68 out of 
84) involved substitution of an acous- 
tically similar item for the presented 
item, where "acoustic similarity" 
means ‘‘possessing some sound in 
common." In 70 out of the 84 cases 
of copying error, there was only one 
copying error in the list. Substitu- 
tions of letters for letters accounted 
for 58 copying errors; substitutions of 
numbers for letters accounted for 16 
copying errors; substitutions of letters 
for numbers accounted for 3 copying 
errors; substitutions of numbers for 
numbers accounted for 7 copying 
errors. 


Intrusions of Letters for Letters 


Table 1 presents the vowel and con- 
sonant sounds that occur in two or 
more English letters. In addition, 
Table 1 reports the frequency with 
which letters possessing a common 
sound are substituted for each other 
as intrusions in recall after correct 
copying. Both the vowel and con- 
sonant totals are individually signifi- 
cant at far beyond the .001 level in 
demonstrating a higher frequency 
of same-sound intrusion errors than 
would be expected bv chance. The 
vowel sounds have a higher relative 
frequency of same-sound intrusions to 
different-sound intrusions than the 
consonant sounds, but both effects are 
very significant. The only lingering 
doubt about the generalization that 
letter intrusions tend to be acous- 
tically similar to the presented letter 
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is in the case of the consonant simi- 
larity classes: B W, LW, D W, and 
K OX. The first three classes involve 
letters which are extremely different 
in temporal and phonemic length, and 
the first two classes involve letters in 
which the common phoneme occupies a 
very different position in the sequence 
of phonemes. As an example of both 
these differences consider B (/biy/) 
and W (/dubilyuw/). B is two pho- 
nemes long, and W is seven phonemes 
long.? /b/ isat the beginning of /biy/, 
and in the middle of /dubilyuw/. 
K (/key/), Q (/kyuw/), and X 
(/eks/) show no examples of same- 
sound intrusions out of 13 total intru- 
sions. Each pair of letters possessing 
the /k/ phoneme does differ in either 
phonemic length or position of the /k/ 
phoneme in the sequence of phonemes 
comprising the pronunciation of the 
letter. However, the differences are 
not very large, and differences of this 
magnitude did not seem to eliminate 
the greater frequency of same-sound 
intrusions in letters containing com- 
mon vowel sounds. The most reason- 
able explanation for the greater effects 
obtained with /j/ and /s/ than with 
/k/ is that the temporal duration of 
/k/ in pronunciation is much less than 
the durations of /j/ and /s/ (.08 sec. 
vs. .18 sec. and .23 sec.—Fletcher, 
1953, pp. 62-66). Duration also ex- 
plains the greater effects with vowels 
than with consonants. Fletcher 
(1953) obtained durations of .34 sec. 
for e, .30 sec. for 4, and .22 sec. for é, 
which are much longer than the dura- 
tion of the average consonant. The 
differences among these vowels in 
degree of relationship between acous- 
tic similarity and intrusion errors also 
fit this pattern. Fletcher gives no 
data on i and ü, but one suspects they 
are longer than é, which is contrary to 


? We shall consider syllabic nuclei, such 
as /iy/ and /uw/ to be single phonemes, 


the simple hypothesis that the degree 
of relationship between acoustic simi- 
larity and intrusions is dependent on 
duration of the common sound. The 
difference between /s/ and /j/ is also 
contrary to this hypothesis. It is 
likely that other factors, such as 
differences in temporal or phonemic 
length and position of the common 
sound in the letters possessing a com- 
mon sound, are also important deter- 
minants of the degree of relationship 
between acoustic similarity and intru- 
sions. We can conclude that acoustic 
similarity is related to intrusions of 
letters for letters, but we cannot draw 
any definite conclusions about the 
factors that affect the degree of this 
relationship. 

Each of the 26 letters was ranked 
according to two criteria: (a) the total 
number of letters possessing some 
sound in common with it and (b) the 
frequency of all intrusions for the 
given letter. The Spearman rank- 
order correlation between these vari- 
ables was .70, ¢ (24) = 4.8, p < .001, 
two-tailed. This correlation ig com- 
posed of: (a) a correlation of .14 (ns) 
between the number of letters similar 
to a given letter and the frequency of 
similar intrusions per similar letter 
and (5b) a correlation of .38, t (24) 
= 2.0, p = .06, two-tailed, between 
the number of letters similar to a 
given letter and the frequency of 
dissimilar intrusions per dissimilar 
letter. The correlation between the 
number of letters similar to a given 
letter and the frequency of forgetting 
the letter was .58, t (24) = 348, 
p < 01, two-tailed. The frequency of 
forgetting a letter includes omissions 
as well as all intrusions. It has a]. 
ready been established that when a 
letter is not correctly recalled, the 
intrusions substituted for the letter 
tend to be acoustically similar to the 


presented letter. The correlations ob- 


Be 
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TABLE 1 


FREQUENCY OF SAME-SOUND AND DIFFERENT-SOUND INTRUSIONS OF LETTERS 
FOR LETTERS IN RECALL AFTER Correct COPYING 


— cim Same-Sou i ~ 
Sound Letters Containing Sound vine pun Difecenteotin $ 
a AHJK 9 3 
E BCDEGPTVZ 32 29 pos 
é FLMNSX 14 16 70019 
i IY 2 7 “O50 
ü QU W 4 8 0018 
Vowel total 81 67 -001° 
/b/ BW 0 10 
/d/ DW 1 10 
/k/ KQX 0 13 
A LW 1 10 
/s/ CSX 6 15 019 
/i/ GJ 8 8 -001° 
Consonant total 16 66 .001» 
Total 97 133 “0018 


Note.—p = probability of obtaining 
test for small 1) 


/ / indi 
^ Two-tailed. 
b One-tailed. 


tained here show that the probability 
of forgetting a letter and making an 
intrusion error, either similar or dis- 
similar, is greater for letters with 
many similar letters than for letters 
with few similar letters. A letter that 
shares a common sound with many 
other letters is more likely to be for- 
gotten than a letter that shares a 
common sound with few other letters. 


Intrusions between Letters and Digits 


The findings for intrusions of letters 
for digits were identical in all respects 
to the findings for intrusions of digits 
for letters. Hence, the data are 
combined in the following analyses. 
Table 2 presents four categories of 
intrusions between letters and digits 
and the frequency of intrusions in 
each category. The four categories 
are: (a) Confusions involving a letter 
a sound in common 
| which is in the 
t, (b) Confusions 
hich possesses a 
th the digit but 


which possesses 
with the digit anc 
spelling of the digi 
involving a letter w 
sound in common wi 


this frequency of same-sound intrusions by chance (x? for large z, binomia 


5 the phonemic representation of the sound. 


which is not in the spelling of the 
digit, (c) Confusions involving a letter 
which has no sound in common with 
the digit but which is in the spelling 
of the digit, and (d) Confusions in- 
volving a letter which has no sound 
in common with the digit and which is 
not in the spelling of the digit. The 
findings in Table 2 are for intrusions 
occurring in recall after correct copy- 
ing, just as in Table 1. 

The results are clear. Intrusions 
between letters and digits tend to be 
acoustically similar, just as intrusions 
of letters for letters. Intrusions in- 
volving items from two different 
conceptual categories, letters and 
digits, tend to follow acoustic simi- 
larity just as do intrusions involving 
items from the same category. The 
analysis of "silent letters" (letters in 
the spelling of a digit that are not in 
the pronunciation of the digit) and the 
analysis of “invisible sounds" (letters 
not in the spelling of the digit, but pos- 
sessing a common sound) suggest that 
it is the sequence of sounds, rather 
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TABLE 2 


FREQUENCY OF SAME-SOUND AND DIFFERENT-SOUND INTRUSIONS BETWEEN LETTERS 
AND DIGITS IN RECALL AFTER CORRECT COPYING 


- Letters with Letters: with Same Sound; Letters with Letters with 
a Lo A NM E CES 

1 | (N) 1 (Y) 0 (OF) 1 25 

2 (TW) 1 (UQ) 4 (O) 2 12 

3 | (RE) 3 | (BCDGPTVZ) 17 (H) 0 4 

4 (FOR) 9 | (U) 0 8 

5 (FIV) 6 (Y) 4 (E) 1 10 

6 (SX) 4 (CK 3 (I) 0 7 

1 (SVN) 3 (CXFLM) 8 (E) 0 15 

8 (HT) 4 | (AJK) 7 (EIG) 8 19 

9 (NI) 5 (Y) 3 | E) 0 10 
Total observed f 38 | 46 | 12 110 
Expected f | 17.6 20.2 10.6 157.6 

b | .001 .001 ns 


Note.—p denotes the significance level in a 2 X 2 x? table comparing the frequency of each column with the 


frequency in the last column. 


than the sequence of letters, which is 
encoded in short-term memory. 

The Spearman rank-order correla- 
tion between the number of letters 
acoustically similar to a given digit 
and the total frequency of intrusions 
between letters and digits involving 
that digit was .30, ¢ (7) = 0.84, ns. 
The correlation between the number 
of letters acoustically similar to a 
given digit and the total frequency of 
forgetting the digit was .44, ¢ (7) 
= 1.29, ms. Again the results are the 
same as for intrusions involving only 
letters, though not significant because 
the number of degrees of freedom is 
smaller, 


Intrusions of Digits for Digits 


The present experiment confirmed a 
finding by Conrad (1959) that there 
are no systematic confusions between 
digits in short-term recall. This is in 
perfect agreement with the hypothesis 
that intrusions follow acoustic simi- 
larity since every digit is acoustically 
very different from every other digit. 
'There are fewer acoustic similarities 
and more differences among digits 
than among letters or between digits 
and letters. : 


Comparison of Recall after Copying 
with Recall 


The data were analyzed for ordered 
recall, item recall, and position recall 
for items. The S's report of an item 
is correct by an ordered recall criterion 
if and only if the correct item is re- 
called in the correct position. The S’s 
report of an item is correct by an item- 
recall criterion if and only if it appears 
anywhere in his report of the list 
in question. Position recall, inde- 
pendent of item recall, is obtained by 
subtracting the item-recall errors from 
the ordered-recall errors, reducing the 
total number of possible errors by the 
same amount when computing the 
error rate for position recall. 

When the two conditions are com- 
pared by any of the three measures of 
recall, the number of errors in each 
condition for each S is counted and 
one is subtracted from the other to 
give a difference score favoring one 
condition or the other. Superiority of 
one condition over the other is deter- 
mined by applying the Wilcoxon 
matched-pairs signed-ranks test to the 
36 difference scores. 


Recall after copying is worse than 


d 
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TABLE 3 
COMPARISON OF RECALL WITH RECALL AFTER COPYING: NUMBER OF INTRUSIONS 


Intrusions among Letters 


Intrusions between Letters and Digits 


Same Sound, iffere i 
—- ——_—|Same Sound, P Nerd | Quarts | Sound, Not 
Similar Dissimilar Spelling Spelling in Spelling 
Recall 98 61 51 54 13 109 
Recall minus estimate " 
of copying errors 45 56 43 52 13 100 
Recall after copying 92 62 38 46 12 110 


Note.—The figures for intrusions among letters in recall after copying in Table 3 are less than the totals in 


lar or di 
ntrusion wi 


Table 1 because an intrusion may be 
often counted twice. In Table 3, each 
counted only once. 


recall without prior copying in ordered 
recall, item recall, and position recall 
(p < .05, two-tailed test, n = 36, in 
all three analyses). The differences 
are not large, but they are in the ex- 
pected direction. It is not surprising 
that copying during presentation re- 
duces the memory span since writing is 
certainly slower than silent rehearsal 
and must take some time away from 
silent rehearsal. What is surprising 
is that the difference is so small. Even 
though it is slower than silent re- 
hearsal, writing the items in order may 
be a particularly useful type of re- 
hearsal when recall also consists of 
writing the items in order. But 
regardless of the reason, immediate 
recall of familiar letters and digits 
presented at .75 sec/item is not much 
worse when the items are copied than 
when the items are not required to be 
copied during presentation. 

The central issue in this comparison 
of recall with recall after copying is 
whether the relationship between 
acoustic similarity and intrusions is 
any different in the two conditions. 
Table 3 summarizes the totals for simi- 
lar and dissimilar intrusions among let- 
ters and between letters and digits for 
recall and recall after copying. Since 
the totals for recall include some 
perceptual errors as well as recall 
errors, the copying errors in the 


ilar i 
classified as similar in any respect or dissimilar, and so was 
Expected values were computed differently in the two cases. . 


more than one respect. In Table 1, one intrusion was 


recall-after-copying condition have 
been taken as an estimate of percep- 
tual errors in the recall condition and 
subtracted from the totals for the 
recall condition in the second line of 
Table 3. This adjustment has little 
effect on the totals for intrusions be- 
tween letters and digits, but reduces 
the frequency of similar recall intru- 
sions among letters by half. However, 
the relationship between acoustic 
similarity and intrusions is still sig- 
nificant at beyond the .001 level both 
among letters and between letters and 
digits. The relationship may be a 
little weaker when recall is not pre- 
ceded by copying, but there is no way 
to be sure of this since we cannot 
check the assumption that copying 
errors provide an estimate of the 
perceptual error rate when the items 
need not be copied. One can imagine 
the estimate might be in error in either 
direction. It is for this reason that 
primary emphasis was placed on the 
analysis of recall intrusions that 
followed correct copving. Only in 
recall after correct copying can per- 
ceptual errors be eliminated from the 
recall data. 


DISCUSSION 


The findings of the present experiment 
are In complete agreement with the find- 
ings of Conrad (1952, 1964) and support 
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the three conclusions mentioned in the 
introduction: (a) Short-term storage uses 
an auditory (or speech-motor) code. 
(b) Acoustically similar items are repre- 
sented by similar traces. (c) Partial 
forgetting of an item is possible, produc- 
ing intrusion errors that share the unfor- 
gotten property common to both the 
original item and the intrusion. 
There is a one-to-one correspondence 
between every sound mentioned in this 
article and a speech-motor response that 
produces that sound. Therefore, the 
present findings imply nothing about the 
sensory vs. motor nature of the short- 
term memory trace. Also, these findings 
do not rule out the possibility that 
visual-sensory or writing-motor systems 
play some role in short-term memory. 
What the present findings do imply is 
that short-term memory uses either an 
auditory or a speech-motor code for at 
least part of the trace. No evidence 
available at present requires one to 
postulate any replication of short-term 
traces outside of the auditory or speech- 
motor systems, and any such replication 
of the trace using a code not isomorphic 
to an auditory code would have had a 
tendency to prevent results such as those 
obtained in the present experiment. 
Nevertheless, we cannot be positive that 
these short-term traces use only an 
auditory or speech-motor code. Inci- 
dentally, very short-term memory for 
brief simultaneous visual displays (Sper- 
ling, 1960) very likely usesa visual code 
and is beyond the scope of this article. 
According to the auditory or speech- 
motor theory of short-term memory, the 
letter J is composed of the consonant /j/ 
and the vowel /a/. When J is presented, 
the internal representatives of both /i/ 
and /à/ are activated. When /j/ and 
Jaf are activated, J is recalled. When 
only /j/ is activated, either G or J may 


be recalled. When only /à/ is activated, 
A, H, J, or K may be recalled. When 
neither /j/ nor /à/ is activated, any 
intrusion is equally probable and there 
may be many omissions. Without the 
assumption that partial recall of a letter 
or digit is possible, it seems difficult to 
account for the present findings. 

With the partial-recall assumption, it 
follows that the greater the number of 
items sharing a common property with a 
given item, the greater the probability of 
making an error when the item is only 
partially recalled. For example, if one 
remembers that a letter had an /à/ in 
it, one has a .75 chance of guessing in- 
correctly; if one remembers that a letter 
had an /@/ in it, one has a .89 chance 
of guessing incorrectly. Therefore, /à/ 
letters should be "forgotten" less often 
than /@/ letters, but the effect should be 
entirely reflected in an increased proba- 
bility of making a similar intrusion error. 
The present experiment demonstrated 
increases in the frequency of both similar 
and dissimilar intrusion errors. In fact, 
the effect for dissimilar intrusions was 
larger than the effect for similar intru- 
sions. This result suggests that items 
with more similar items are more likely 
to be wholly or partially forgotten than 
are items with fewer similar items. 
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THE RELATION OF DRIVE TO FINGER-WITHDRAWAL 


CONDITIONING! 


MERRILL F. ELIAS? 


Purdue University 


To explore the relation of drive to performance, Ss scoring high, middle, 
and low on the Taylor Manifest Anxiety scale were administered a 
finger-withdrawal task with high- or low-shock UCS. For half the Ss 
shock always followed the CS (classical conditioning); for half, CRs 
permitted shock avoidance (avoidance conditioning). In Experiment I 
performance level was higher for avoidance than for classical condition- 
ing. Under high shock, high-anxiety Ss made fewer CRs than middle- 
and low-anxiety Ss. This relationship was reversed under low shock. 
In Experiment II high-anxiety Ss tended to perform the poorest in 
classical and the best in avoidance conditioning, regardless of shock 
level. Motion picture analyses revealed that Ss conditioned by the 
classical procedure made more conditioned irrelevant responses than Ss 
conditioned by the avoidance procedure. It was concluded that drive 
increase does not necessarily imply increase of any particular response; 
the nature of the response and its relation to reinforcement appear to be 


critical. 


In eyeblink-conditioning studies Ss 
who have received a strong air puff 
as the unconditioned stimulus (UCS) 
have made more conditioned responses 
(CRs) than Ss who have received a 
weak air puff; and, although negative 
and reverse findings have been re- 
ported, numerous investigators have 
found superior eyeblink conditioning 
for high-anxiety Ss (Spence, 1958, 
1964). These studies generally sup- 
port Spence's (1958) hypothesis that 
performance varies directly with drive 


1 This article is based on a dissertation 
which was submitted to the faculty of Purdue 
University in August 1963 in partial fulfill- 
ment of requirements for the PhD. Detailed 
description of methodology, particularly with 
respect to characteristics of the electric shock 
stimuli and motion picture analyses, may be 
obtained by requesting a microfilm copy of the 
dissertation through Purdue University inter- 
library loan service. 

The author wishes to gratefully acknowl- 
edge the painfully exacting and, consequently, 
invaluable assistance of Kenneth M. Michels 
and Mark W. Stephens in the development of 
this research. 

? Now at Rome Air Development Center 
(EMEDI), Griffiss Air Force Base, New 
York. 


as mediated by UCS intensity or when 
inferred from the Manifest Anxiety 
scale (MA scale). However, there is 
limited information with respect to 
the relation of drive to performance 
in other types of simple conditioning. 
This investigation was undertaken to 
extend the knowledge of drive effect 
on performance by exploring the rela- 
tion of anxiety level and UCS inten- 
sity to finger-withdrawal conditioning. 


EXPERIMENT I 


Two conditioning procedures were 
used : classical and avoidance. It was 
hypothesized that (a) Ss who received 
high-shock UCS would be superior in 
performance to Ss who received low- 
shock UCS in both avoidance and 
classical conditioning; (b) avoidance 
conditioning would be superior to 
classical conditioning since a CR 
served to avoid shock; and, (c) clas- 
sical conditioning would provide the 
clearest relation between MA scale 
measured drive and performance. In 
classical conditioning the incidence of 
undetected voluntary responding, a 
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phenomenon which the lowa group 
(Spence, 1964) has shown to obscure 
the positive relation between anxiety 
level and performance, should be 
minimal since neither voluntary re- 
sponses nor CRs permitted shock 
avoidance. Further, Spence (1958) 
has suggested that classical condition- 
ing affords the clearest control of 
higher-order habit variables and is 
preferred when interest is in isolation 
of the relation between performance 
and drive per se. 


Method 


Subjects.—One hundred and twenty Air 
Force ROTC cadets who ranged in age from 
17 to 20 yr. served as Ss. 

Apparatus.—The Ss were seated in a 
normally illuminated room with their right 
forearm and wrist strapped to the arm of a 
classroom chair. Normal pressure of the 
extended middle finger depressed a sensitive 
microswitch. The conditioned stimulus (CS), 
a buzzing sound of approximately 61 db. 
SPL, was generated by an inductorium wired 
in parallel with a 6-v. dc power source. The 
UCS (electric shock) was generated by an 
identically wired inductorium. The CS was 
presented .4 sec. before the UCS and ter- 
minated with the end of the UCS which 
lasted for .2 sec. Latency of finger with- 
drawal was recorded by a Standard Electric 
timer which was wired in series with the 
microswitch. The timer, activated with the 
onset of the CS, was stopped by a finger 
withdrawal of sufficient magnitude to release 
tension on the microswitch. Finger with- 
drawal was considered a CR if it occurred 
within the .4-sec. CS-UCS interval on a trial 
in which the shock UCS was not presented. 

For the avoidance procedure a silver 
electrode a cm, diameter) was placed on the 
tip of the microswitch and another silver 
electrode (3 X 1? cm.) was taped to the 
palmar surface of S’s forefinger; thus, with- 
drawal of the middle finger within the CS- 
UCS interval Permitted avoidance of shock. 
For the classical Procedure both electrodes 
were taped to S's fingers; the small electrode 
was taped to the middle finger and the 
larger electrode was taped to the forefinger. 

Through this arrangement S in the classical 
procedure could not escape or avoid shock 
even though he responded within the CS. Cs 
interval. The CS-UCS interval, time pe. 
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tween trials, and UCS duration were con- 
trolled by means of five Hunter timers. A 40- 
db. SPL, 200-cps tone was delivered to S's 
left ear via earphone to mask the sound of 
recording equipment. 

Procedure.—The Ss were told that the 
purpose of the experiment was to test their 
ability to concentrate under stress. They 
were asked to count the number of times they 
heard a buzzing sound (CS) and were told that 
they would receive shock (UCS) from time to 
time to make counting difficult. The Ss were 
instructed neither to voluntarily remove their 
fingers from the microswitch nor to resist 
natural movement of the finger. Preliminary 
tests of CS neutrality revealed no evidence of 
pseudoconditioning. After these preliminary 
tests, five blocks of 50 trials each were 
presented for a total of 250 trials. ‘Ten of the 
50 trials per block were randomly interjected 
lest trials in which the UCS was not presented. 

Design.—A 3 X 2 X 2 X 5 factorial design 
was used. Equal numbers of Ss were assigned 
to high-, middle-, and low-anxiety groups on 
the basis of M4 scale scores. High-anxiety S3 
had scores of 16 and above, middle-anxiety, 
9-15, and low-anxiety, 8 and below. These 
scores represented the low, middle, and upper 
thirds of a distribution of scores obtained from 
215 Air Force ROTC cadets. The Ss in each 
anxiety group were randomly assigned to 
experimental conditions: half were condi- 
tioned by the classical procedure and half by 
the avoidance procedure. Half of the Ss in 
each conditioning group received low (30- 
70 pamp.) and half received high (75- 
125 pamp.) shock as the UCS. The Block 
factor consisted of five levels. Each level 
represented a block of 10 test trials. 


Results 


Analyses of variance, summarized 
in Table 1, will be discussed in relation 
to Fig. 1. The significant (b < .01) 
superiority of avoidance conditioning 
is apparent in Fig. 1. The significant 
(p « .01) Blocks main effect reflects 
the progressive improvement of all Ss 
throughout conditioning. The Ss who 
received high-shock UCS made signifi- 
cantly (p < .01) more CRs than Ss 
who received low shock. The signifi- 
cant (p < .01) Blocks X Shock inter- 
action reflects the tendency for block- 
to-block improvement to be greater 
for the high-shock group. 


—— 
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TABLE 1 
ANALYSES OF VARIANCE FOR Exp. I 


Source df MS F 
aro? me 1. | 1,700.1656 | 53.73% 
onditioning (C) 1 ,700.165: .7 
Shock (S) 1 -7056 30.68% 

Anxiety (A 2 E 
CX S" is 1 3.95* 
2 .58 
2 3.56* 
2 295 
108 31.6455 
480 
4 234.1806 | 87.94** 
4 7.5461 | 2.80* 
4 10.8861 | 4.09** 
8 28.0905 | 10.52** 
H 26.8806 | 10.00** 
8 4.5075 | 1.69 
8 3.3470 | 1.30 
8 8.1322 | 3.05** 
BXS itni group error 432 2.6692 
i sof s k at: 
Sine EA] conditioning 1 | GROSUD | oer 
voida onditioning 1 | 1,086.80. i; 
Avoidance c 108 PD 


S within-group error 


*p <.05. 
wep < 01. 


There was a significant (p < .05) 
Conditioning X Shock interaction. 
Differences between the high- and low- 
shock groups were greater for avoid- 
ance than for classical conditioning; 
however, analyses of simple effects 
(Table 1) indicated a significant 
superiority for the high-shock groups 
under both classical (p < .01) and 
avoidance (p < .01) conditioning. 
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Fic. 1. Performance of classical and 
avoidance conditioning groups under high- 
and low-shock UCS for five blocks of test 
trials averaged over the three levels of 
anxiety, 


The significant (p « .01) Blocks 
X Conditioning X Shock interaction 
reflects the tendency for differences 
between shock groups to be greater 
under avoidance than under classical 
conditioning for the first three blocks 
of trials, but for the last two blocks 
the difference between high- and low- 
shock groups was slightly greater for 
classical conditioning. 

There were no significant differences 
among Anxiety groups when scores 
were averaged over all other experi- 
mental conditions and a significant 
Conditioning X Anxiety interaction 
was not obtained. The significant 
(p < .01) Blocks X Anxiety inter- 
action may be described as a variation 
in improvement from block to block 
for the three Anxiety groups; however, 
tests of simple effects revealed no sig- 
nificant differences among Anxiety 
groups at any block. There was a 
significant (p < .05) Shock X Anxiety 
interaction. Under the low-shock 
condition mean frequency of CR per 
block was greater for the high-anxiety 
group (4.57) than for the middle- 
(3.40) and low-(2.42) anxiety groups. 
Under high shock, the high-anxiety 
group actually made fewer responses 
(5.40) than the middle- (6.61) and low- 
(6.61) anxiety groups. Although the 
Conditioning X Anxiety X Shock in- 
teraction was not significant, the larg- 
est portion of this Anxiety X Shock 
interaction may have been due to the 
poor performance of the high-anxiety 
group under high-shock classical con- 
ditioning; for low-shock classical con- 
ditioning mean frequency of CR per 
block was a monotonic function of 
increasing anxiety level (1.40, 1.58, 
3.98), but for high-shock classical con- 
ditioning this relationship was re- 
versed. Mean frequency of CR for 
the low-anxiety group was 4.94; 
middle-anxiety group, 4.56; and high- 
anxiety group, 2.82. 
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The significant (p « .01) Blocks 
X Conditioning X Anxiety X Shock 
interaction may be described as a 
progressive increase in frequency of 
response from the first to the last 
block of trials with a varying rate 
of improvement among and within 


groups. 


Discussion 


The superior performance of Ss who 
received high-shock UCS in both avoid- 
ance and classical conditioning is con- 
sistent with hypotheses derived from 
Spence's model. 

In contrast to findings in the present 
study, Logan (1951) found better clas- 
sical than avoidance conditioning of the 
eyeblink response in humans when shock 
to the corner of the eye was used as the 
UCS. Among others, Kimble? has sug- 
gested that these conflicting results might 
possibly be related to the voluntary 
nature of finger-withdrawal responses. 
Although Ss in the present experiment 
were instructed not to voluntarily re- 
spond and were eliminated from the 

sample if conditioned responding showed 
an immediate rise to 100% after the 
initial response, the possibility of com- 
pletely involuntary responding cannot 
be defended. The possible presence of a 
greater number of undetected involun- 
tary responders in the avoidance group 
does not vitiate conclusions with respect 
to the superiority of avoidance condition- 
ing, but it may provide one explanation 
of the failure to obtain significant differ- 
ences among Anxiety groups. 

Spence (1964) has presented evidence 
that failures to obtain a positive relation 
between anxiety and eyeblink-condition- 
ing performance were associated with 
failure to identify and eliminate volun- 
tary responders. He has pointed out 
that an inproportionately high number of 
voluntary responders in a low-anxiety 

group could result in negative or reverse 
findings and that voluntary responding 


3G. A. Kimble, personal communication, 
January 2 and 23, 1963. 


seems to increase with increased UCS 
intensity. This phenomenon could ex- 
plain the poor performance of high- 
anxiety Ss under high shock averaged 
over the two conditioning procedures. 
However, the poor performance of the 
high-anxiety Ss under high-shock clas- 
sical conditioning is puzzling. It would 
be expected that the incidence of volun- 
tary responding under this condition 
would be negligible since a response was 
not rewarded by shock avoidance. It 
was, in fact, consistently followed by 
shock. ^ Unsystematic observation of 
responses other than finger withdrawal 
suggested an explanation. 


EXPERIMENT II 


To determine whether these ir- 
relevant responses could explain the 
results obtained, the first experiment 
was repeated and motion pictures 
were taken of all behavior during 
conditioning. 


Method. 


The procedure, design, and apparatus were 
identical to that of the first experiment with 
the following modifications. A Bollex Paillard 
16-mm, motion Picture camera with a wide 
angle lens was hidden from view and used to 
record all responses other than finger re- 
traction. Camera noise necessitated an 
increase in the masking tone from the 40-db. 
SPL of Exp. I to 50 db. SPL. CS intensity 
was increased correspondingly by replacing 
the induction coil of Exp. I with a doorbell 
buzzer of 72 db. SPL. Only 27 Ss were used; 
2 from each anxiety level were randomly 
assigned to the four experimental conditions: 
high- and low-shock classical and avoidance 
conditioning. One S from each anxiety level 
was assigned to a control condition in which 
shock UCS was never given. 

Motion picture analyses.—The E and a 
trained O reviewed films for 10 Ss selected at 
random from the 27 Ss used in the experiment, 
Responses were categorized by muscle group 
and direction of movement. Following this 
preliminary analysis, films for all Ss were 
analyzed by E using as response criteria only 
those response categories for which there was 

acceptable E-O agreement. A Pearson 
product-moment correlation coefficient of .9 
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TABLE 2 
bi NUMBER OF Ss WHO MADE IRRELEVANT RESPONSES 
Mean Frequency? 
Experimental Group (N = 24) Na 
[ UCR CR 
Flinching—Forward or rearward movement of the head 
and/or shoulders 21 39.71 4.91 
Rearing—Exaggerated forward or rearward head move- 
ment accompanied by shoulder hunching 18 22.50 7.78 
Stepping—Lifting of toes or heels from the floor 10 7.10 1.10 
Grimace—Closing of eyes and facial contortion 8 25.58 14.62 
Leg Flexion—Lifting of leg(s) or sliding of foot forward 8 4.63 1.13 
| along the floor ii 
| Hand F'lexion—Lifting of hand of nonstimulated fingers 4 1.24 0.00 
Arm Flexion—Lifting of arm of nonstimulated fingers 2 5.00 0.00 
Control Group (N = 3) N* Mean Response Frequency” 
All responses combined 2 4.5 


^ Number of Ss who made at least one response. 
b Average number of responses for Ss who made at least one. 


occurring bodily movements. Since 
not all Ss made the same kinds of 
responses analyses of variance, sum- 
marized in Table 3, were performed 
for two dependent variables: condi- 
tioned finger withdrawal and condi- 
tioned irrelevant response. A condi- 
tioned irrelevant response was defined 
as the occurrence, on a test trial, of 


| or above between the number of times for 

each block of trials that a particular response 
was observed by E and O was used as the 
criterion of acceptable agreement. 


Results 


It may be seen in Table 2 that a 
Variety of responses was elicited by 
the UCS and, with the exception of 


hand and arm movements, did be- 
come conditioned. The few responses 
made by the control group suggests 
that responding in the experimental 
groups was not due to naturally 


one or more of the responses sum- 
marized in Table 2. Figure 2 com- 
pares the performance of classical and 
avoidance groups. Asin Exp. I, mean 
frequency of conditioned finger with- 


TABLE 3 
ANALYSES OF VARIANCE OF FINGER-WITHDRAWAL AND IRRELEVANT RESPONSE DATA 


Finger Withdrawal Irrelevant Response 
Source df 
MS F MS F 
oe Ss. © E 313.6333 
Conditioning i 8.20** | 23.4 4 
aaah Gror 22 | 382470 249356) 7 
enis (B) 3 60.9792 
Blocks +2492 | 14.95** | 21.1375 4.58** 
BXC 4 6.6959 1.64 15.7208 dar 
EE vixit 88 | 4.0789 4.6155 


P ay ete For 
* 

b <.05. 

> c.l. 


irrelevant response, simple effects of conditioning at Block 5 
22; p < .01— when tested with pooled within-cell error 
< .05. 


were significant—MS = 80.00; 


(df = 110; MS = 8.6795) as the denominator, 
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MEAN FREQUENCY OF RESPONSE 


BLOCKS 
(CLASSICAL) 


BLOCKS 
(AVOIDANCE) 


Fic. 2. Performance of classical and 
avoidance conditioning groups for five blocks 
of test trials averaged over all other experi- 
mental conditions. 


drawal was significantly (p < .01) 
higher in avoidance than in classical 
conditioning. Frequency of condi- 
tioned irrelevant response continued 
to increase throughout the five blocks 
of classical conditioning, whereas in 
avoidance conditioning irrelevant re- 
sponding was extinguishing while 
finger withdrawal became more fre- 
quent. There was, in fact, a signifi- 
cant (p < .01) Blocks X Conditioning 


MERRILL F. ELIAS 


interaction for irrelevant responding; 
and, analyses of simple effects, sum- 
marized in Table 3, indicated that on 
the fifth block of trials the classical 
group made significantly (p < .01) 
more irrelevant responses than did 
the avoidance group. 

The specific purpose of the second 
experiment was to investigate the 
relation of shock and anxiety level to 
performance in each type of condition- 
ing; consequently, separate analyses 
of variance for classical and avoidance 
conditioning were performed and are 
summarized in Table 4. There were 
no significant differences between 
either high- and low-shock classical or 
high- and low-shock avoidance groups 
for either response criteria. "There 
was a significant Blocks main effect 
and Blocks X Shock interaction for 
both finger withdrawal (b < .05) and 
irrelevant responding (p « .01) for 
classical conditioning ; i.e., there was a 
block to block increase in frequency of 
both irrelevant and finger-withdrawal 
responding for the high-shock group, 
but no trend toward either increased 


TABLE 4 


SEPARATE ANALYSES OF VARIANCE FOR CL 


ASSICAL AND AVOIDANCE CONDITIONING 
Classical Avoidance 
Source df Finger CR Irrelevant CR Finger CR Irrelevant CR 
MS F MS F MS F MS F 
Between Ss 35 TS 
Anxiety (A) 2|125165| .76 | 3.9556] .26 | 3.3550] os | 7.6900| .75 
Shock (S) 1| ,1329| .01 [12.8000 -81 | 40500] 107 | 24889| 21 
AXS 2| 2.9055) .18 | 7.8667] .50 28.8667| 47 | 7,5083| 73 
d uM FTT. 15.7289 61.5189 10.2790 
cum ME | 2722 3.27% | 11.4861 | 4.66% 19.1105 | 749 .6875| .63 
Blocks 8| 12181| .93 | 1.0069| .45 | 3.4528| 1.35 | 2.2437 | 205+ 
da 4| 32445 2.64* | 8.6195 3.50** | .3972| “16 4178| .38 
DP Y 8| .7636| .58 5195} 21 | 1.7556] .69 «7761| Cm 
S within- | | 2.5522 .092 
*p <.05 
md « 0l 
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or decreased responding for the low- 
shock group. 

For avoidance conditioning there 
was a significant (p « .01) Blocks 
main effect for finger withdrawal re- 
flecting the progressive increase in 
Írequency of responding from block to 
block. For irrelevant responding 
there was a significant (5 < .05) 
Blocks X Anxiety interaction in avoid- 
ance conditioning which may be 
described as a tendency for irrelevant 
responding to quickly extinguish for 
low-anxiety Ss in contrast to a pro- 
gressive increase in irrelevant respond- 
ing for middle- and high-anxiety .Ss. 

The inverse relationship between 
anxiety level and performance found 
in Exp. | under high-shock classical 
conditioning was not replicated ; how- 
ever, Fig. 3 shows two interesting 
relationships between anxiety level 
and -type of conditioning which may 
partially explain poor performance of 
high-anxiety .Ss in classical condition- 
ing. (a) For avoidance conditioning 
an increase in anxiety level was 
associated with an increase in fre- 
quency of finger withdrawal. For 
classical conditioning anxiety level 
and frequency of finger withdrawal 
were inversely related. (b) The best 
performers in classical conditioning, 
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Fic. 3. Performance of high-, middle-, and 
Ow-anxiety groups under classical and 
avoidance conditioning averaged over high- 
and low-shock conditions. 
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the low-anxiety Ss, made the fewest 
irrelevant responses while the poorest 
performers, the high-anxiety Ss, made 
more irrelevant than finger-withdrawal 
responses. On the other hand, inavoid- 
ance conditioning, not only was an 
increase in frequency of finger with- 
drawal from low- to high-anxiety con- 
ditions accompanied by a correspond- 
ing increase in irrelevant responding, 
but at every point on the anxiety 
continuum frequency of irrelevant 
responding was considerably less than 
frequency of finger withdrawal. 


Discussion 


These data suggest that the function 
of drive is to energize general defense 
responses, while UCS avoidance acts to 
selectively reinforce a particular response. 
In classical conditioning, where shock 
could not be avoided, finger withdrawal 
and irrelevant responses were acquired 
at about the same rate and reached the 
same level. In avoidance conditioning, 
where shock was avoided by a finger 
withdrawal, the finger-withdrawal re- 
sponse showed a progressive acquisition 
throughout conditioning as irrelevant 
responding extinguished. 

Interference of irrelevant responses 
with the conditioning of finger with- 
drawal may explain the relatively poor 
performance of the classical conditioning 
group, particularly under high shock- 
high anxiety in the first experiment and 
high anxiety in the second experiment 
where drive probably energized both 
finger-withdrawal and irrelevant re- 
Sponses. Sheffield (1948) has presented 
evidence that the inferior conditioning of 
the running response in Guinea pigs who 
could not avoid shock was due to the 
interference of conditioned emotional 
responses such as hopping, turning, and 
scrambling. In 1952 Gibson reported 
that kids conditioned by an avoidance 
procedure developed a smooth efficient 
leg flexion response while kids condi- 
tioned by a classical procedure performed 
at a lower level and made as many as 14 


116 


defense reactions which may have inter- 
fered with conditioning of the leg-flexion 
response. 

Failure, in avoidance conditioning, to 
obtain significant differences among Anx- 
iety groups was probably due to the 
extremely low number of Ss in these 
groups. Similarly, the likelihood of ob- 
taining undetected voluntary responders 
in these groups may have been reduced. 
This might account for the trend toward 
a positive relation between Anxiety level 
and avoidance conditioning performance 
in Exp. II. 

These findings do not disconfirm 
Spence's predictions with regard to drive 
and performance. They suggest that 
even in simple forms of learning, in- 
creased drive does not necessarily imply 
an increase in any particular response 
chosen as the dependent variable. The 
relation of drive to a variety of responses 
should be investigated. There is experi- 
mental evidence that a distinction be- 
tween voluntary and involuntary finger- 
withdrawal responses is not impossible 

(Moyer & Lindley, 1961; Wickens, 1939; 
Yacorzynski & Guthrie, 1937). Develop- 
ment of valid criteria for making this 
distinction may be requisite to a clearer 
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determinatión of drive effect on finger- 
withdrawal conditioning. 
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SENSITIVITY OF SUBJECTIVE PROBABILITY REVISION? 


CAMERON R. PETERSON? ann ALAN J. MILLER 
University of Colorado 


l Ss were required to revise their subjective probabilities of hypotheses 

{ as the result of information provided by a datum. Subjective proba- 
` bility revisions were then compared with the corresponding correct 
| | revisions as calculated via Bayes’ theorem. 2 independent variables 
prior odds in favor of a hypothesis and the theoretical impact of the 

datum, both influenced 2 dependent variables, amount and accuracy of 

subjective probability revision. These effects were such that variations 

| in subjective probability revision were in the same direction, but of 
smaller magnitude, than corresponding variations in Bayesian proba- 


bility change. 


3 
CP 
| Several experiments have compared H+, which is directly relevant to the 
1 the "intuitive" revision of subjective present experiment, is obtained by 
? probabilities with the correct revision dividing Equation 1 for H, by 
as calculated by means of Bayes’ Equation 1 for Hy: 
theorem. The typical finding is the 
“Ss are conservative; the magnitude of P(H.|D) - P(D|H,) POL) [2] 
subjective revision is less than the P(H|D) | P(D| Hv) Po) 
correct amount (Edwards, Lindman, & d a 
PA Phillips, 1965; Edwards & Phillips, 97: Written more simply, 
] 1964; Peterson, Schneider, & Miller, Qı = Loo [3] 
1965). 
Bayes’ theorem specifies the revi- The Q refers to the odds in favor of Ha 
! sion of the probability of Hypothesis over H, prior to the occurrence of D. 
| H as the result of information pro- The Q; refers to the corresponding 
; vided by the occurrence of Datum D odds posterior to the occurrence of D. 
; (Edwards, Lindman, & Savage, 1963); The L refers to the likelihood ratio; 
, it may be written as it is the probability of D given Ha 
; divided by the probability of D given 
| P(H|D) = P(D|H)P(H) 0J] He The odds in favor of Ha os Hy 
1 P(D) are revised from Qo to Q; as a result of 
the occurrence of D. Thus, L is a 


The P(H) is revised to P(H|D) asa 
result of the occurrence of D. An 
equation for two hypotheses, Ha and 


1The research reported here was under- 


measure of the impact of D where 
impact refers to the amount of revision 
from Qo to Qı. 

According to Equation 3 the two 


} aken in the Behavior Research Laboratory, yari $ 
7 ainte of Behavioral Science, University of variables, Qv and L, determine the 
d Colorado, and is Publication No. 43 of the correct revision in odds and therefore 
Institute. The research was supported by a the correct revision in probabilities. 
| research grant depot the eed i present experiment manipulated 
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of the experiment. degree of conservatism as a function 

.? Now at the University of Michigan. of Q and L. 
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METHOD 


Experimental design.—The experimental 
problem required the manipulation of 9% and 
L, and a measurement of the resulting effects 
upon subjective Probability revision. On 
each trial, two different kinds of dice served 
as Haand Hy. The dice were distinguished by 
different numbers of black vs. white sides. 
The 9» was manipulated by drawing either 
Ha or Hy from an urn containing varying 
proportions of each. The L was manipulated 
by varying the ratio of black sides on I, to 
black sides on Fy, 

The Q0’s took on the nine different values 
corresponding to P(H,)s of 11,..2,.3, Aei .6, 
-7, .8, and .9. These values covered most of 
the uncertain range for %. The four levels of 
L, designated L LZ NEB III, and L IV, were 
manipulated by assigning the following ratios 
of black sides on Ha to black sides on Hy— 
3:2,4:2, 3:2, and 5:1, respectively. Accord- 
ingly, the corresponding ratios of white sides 
Were 3:4, 2:4, 1:4, and 1:5. These four levels 
range from low impact of D to high impact. 
A factorial design permitted all combinations 
of low to high data impact with low to high 
prior odds. 

One measure of subjective probability 
revision, AP, is the absolute difference be- 
tween the subjective probabilities associated 
with P(II,) and with PL|D). The second 
measure, the accuracy ratio, relates subjective 
revision to Bayesian revision. The numerator 
of the accuracy ratio is the log likelihood ratio 
based upon subjective p 
and the denominator is the log likelihood 


"reases with 
ision to Bayesian 


revision. (The accuracy ratio is described in 


Peterson et al., 1965). 

Subjects.—Forty-two voluntee 
from an introductory Psychology course 
served as Ss in groups of approximately four 
each. 

A pparatus.—Five distinct groups of nine 
dice each were associated with five different 
Hs. Each six-sided die in a group had either 
one, two, three, four, or five black sides. 
The remaining sides were white. Five 
different placards, representing cach A; 
illustrated the numbers of black sides and 

white sides of the relevant Js to Ss. . 

The response apparatus was an indexed 
bar with a sliding marker. The location of 
he marker partitioned the bar into two 


r students 


lengths which represented Ss’ probability 
estimates for Ha and Hy (this apparatus is 
described in Peterson & Ulehla, 1964). These 
estimates were used as measures of .S's 
subjective probabilities. 

Procedure.—The experiment consisted of 
five blocks of 36 trials each. Each trial 
represented one of the 36 combinations of 
nine Q's and four Ls. These combinations 
Were counterbalanced acr blocks within 
the constraint that all Q's ciated with a 
single L were Presented consecutively in either 
ascending or descending order. 

Each trial included only two of the Is, or 
two kinds of dic The die with the greater 
number of black sides is termed Ha; the die 
with the greater number of white sides is Hy. 
The E manipulated % by Placing 10 dice into 
an opaque urn with varying proportions of 
Ha and Hy. For example, seven la's and 
three Hy’s yielded an Qs of 7:3. The E 
then drew one of the 10 dice at random and 
required 5 to set prior subjective probability 
estimates for Ha and H, to correspond to Qo. 
The E rolled the die from the cup and in- 
formed S which side turned up. On the ba 
of this information, S revised his subjective 
probability estimates about which die (Ha or 
Hs) had been rolled, and recorded his revision, 
This revision then served as the basis for each 
dependent variable, 


RESULTS AND Discusston 


According to Table 1, Qo, L, and the 
Qo X L interaction all had significant 
(p< 001) effects upon both AP and 
the accuracy ratio, 
Blocks, did not in itself have a 
significant effect, but in some cases 
interacted significantly i 
hen rie tly ($ < .01) with 

Figure 1 illustrates the nature of the 
effects of Q and of L upon the 
accuracy ratio. The accuracy ratio 
generally increased both as Q de. 
parted from 1.0 and L approached 1.0, 
On the other hand, the expected prob- 
ability revision in the Bayesian de- 
nominator of the accuracy ratio 
decreased as Qy departed from 1.0 and 
as L approached 1.0. This reciprocal 
relation between the accuracy ratio 


The variable, 
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TABLE 1 


ANALYSES OF VARIANCE FOR AccurACY RATIO AND AP 


| Accuracy Ratio AP 
Source af 
| MS F MS F 
Prior odds (2) 8/328 55.31 29.16*** .239 16.11*** 
Likelihood ratio (Z) 3/123 419.69 90.74*** 413 20.82*** 
Blocks (B) 4/164 1.49 «1 .024 <1 
% XL 24/984 5.42 4.]9*** .027 4.565** 
Qo XB 32/1312 1.11 1.49 .017 2.67*** 
LxB 12/492 2.36 1.84* .016 2.10* 
Q9 XBXL 96/3936 1.16 1.62** 011 1.75*** 
* 5 <.05. 
wtp «.0l. 
**e p < 001. 


and its denominator indicated that 
variation in the subjective numerator 
is more sluggish than variation in the 
Bayesian denominator. 

Figure 2 supports this conclusion. 
With respect to both Qo and L, the 
subjective AP usually varied in the 
same direction as the corresponding 


Ratio 


Accuracy 


Accuracy ratio as a function of Ro 
and L. (The solid horizontal line represents 
perfect accuracy.) 


Fic. 1. 


Bayesian AP but the magnitude of the 
subjective variation was less. The 
subjective graphs are similar to, but 
evidence less vertical movement than 
the Bayesian graphs. Vertical com- 
pression applied to the Bayesian 
graphs would result in rough approxi- 
mations to the subjective graphs. 
The Ss were only partially sensitive 
to variations in Bayesian probability 
revision. As the difference between 
Bayesian prior and posterior proba- 


bilities increased, conservatism in- 
creased. In fact, when the difference 
between Bayesian priors and pos- 


teriors became small enough, such as 
for Cond. L I, Ss actually revised 
their subjective probability estimates 
more than the amount specified by 
Bayes' theorem. 

This partial sensitivity to variation 
in Bayesian revision was somewhat 
absent during the earlier blocks but 
became increasingly evident as the 
blocks progressed. As Ss became 
familiar with the task, they must have 
become able to detect which condi- 
tons called for more movement and 
which ones for less movement. They 
then adjusted their responses to 
eliminate inconsistencies. 
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ao Black Datum White Datum 


AP 


Bayesian 


Subjective Ap 


Fic. 2. A comparison of Bayesian and mean subjective AP as a function of % and L. 
(Asymmetry of Bayesian AP with respect to a black vs. a white datum necessitated the left- 
right separation of the graphs. Since the datum that occurred was determined by the roll of a 
die, the size of the data base varies for different points on the graphs.) 
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FALSE RECOGNITION PRODUCED BY 


IMPLICIT 


VERBAL RESPONSES: 


BENTON J. UNDERWOOD 


Northwestern Universit y 


200 words were read to 100 Ss at a 10-sec, rate. 
decided whether it had or had not been read earlier. 


For cach word S 
Critical stimulus 


words were inserted in the list, these words being presumed to elicit 


specified implicit responses. 
response words were presented, 


Later in the list the assumed implicit 
For these latter words for 3 of 5 classes 


of words, false recognition was much higher than for control words. 
The greater the prior frequency of elicitation of the implicit response the 
greater the likelihood of false recognition, 


In the development of conceptual 
schemes to incorporate verbal-learn- 
ing phenomena, implicit responses are 
being given more and more prominent 
roles. Two examples may be cited. 
The studies of mediation in transfer 
evolved from two basic assumptions, 
namely, that implicit responses to 
verbal stimuli occur and that these 
implicit responses will serve as medi- 
ators. When conceptual similarity 
within a paired-associate list is found 
to produce interference it seems ap- 
propriate to account for this in part by 
assuming that the instances of à 
category (e.g., pog, COW, HORSE) may 
all elicit the same implicit response 
(ANIMAL), Which, in this situation, is 
a nondifferentia ting response. 

distinction must be made between 
two kinds of implicit responses made 
to a verbal unit. There is first the 
response made to the unit itself as the 
act of perceiving it, This implicit 
response has been called the represen- 
tational response by Bousfield, Whit- 
marsh, and Danick (1958), and will be 
abbreviated here as RR. The second 
kind of implicit response, the one with 
theoretical relevance, is produced by 


1 Thi york was done under Contract 
Wis ed Project NR 154-057, between 
Northwestern University and the Office of 
Naval Research. 


the stimulus properties of the RR. 
This implicit response may be another 
word which is associated with the 
actual word presented and will be 
called the implicit associative response 
(IAR). The particular IAR to a 
given word is often assumed to be the 
most frequent associate produced to 
the word in word-association proce- 
dures. Or, as in à mediating transfer 
situation, the IAR is assumed to be 
the word which S had learned asa 
response to a given stimulus in a 
previous list. That other nonverbal 
implicit Tesponses (such as affective 
Tesponses) may occur to the RR can- 
not be denied, but for the present 
Purposes, need not be considered. 

It must be clear that IAR, in most 
theoretical formulations, is conceived 
of as actually occurring. This is to 
Say,itis nota hypothetical construct. 
It is hypothetical only in the sense 
that it is assumed to occur in a 
particular situation where it cannot 
be observed directly, and this as- 
sumption is made because it has been 
Observed to occur overtly with a 
certain frequency in other Situations 
(e.g., word-association Procedures). 
The validity of the assumption is 
tested by experimenta] procedures 
wherein a given phenomenon is pre- 
dicted if specific IARs are occurring. 
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The present study fits into this 
framework. 

The rationale of the experiment 
may be understood by examining the 
task presented Ss. A total of 200 
words was read to S at a 10-sec. rate. 
As each word was read, S made a 
decision as to whether or not the 
word had been read to him earlier in 
the list. Thus, the general procedure 
is that devised by Shepard and Teght- 
soonian (1961) in their study of 
memory for 3-digit numbers. In the 
present list of 200 words were critical 
words assumed to elicit particular 
IARs. At a later point in the list, 
therefore, the words assumed to be 
IARs to earlier RRs were in fact 
presented to S. If S responded by 
saying that these words had been 
read earlier in the list we would 
conclude that the IARs had occurred 
to the critical words at the time these 
critical words were read. For ex- 
ample, if a critical stimulus word is 
UP, and if later the assumed IAR 
(DOWN) is presented and .S indicates 
that DOWN had occurred earlier in the 
list, we assume that DOWN had oc- 
curred as an IAR to the RR to the 
word UP, and that S subsequently 
confused an IAR with an RR. 


METHOD 


Words.—Four different types of words 
must be distinguished. 

Critical Stimulus Words (CS Words): 
These words were assumed to elicit particular 
IARs. g i 

Experimental Words (E Words): These 
were the words representing the assumed 
TARs to the CS Words. : 

Control Words (C Words): These words 
Were used as controls for the E Words and 
Were assumed not to have been preceded in the 
list by words for which they were IARs. 

Filler Words (F Words): These words were 
Presumed to be neutral with regard to the E 
Vords and were used to build up a specific 
repetition frequency. 

There were 20 E Words (hence, 20 C 
Words) as may be seen in Table 1. There 


were five different classes of CS Words, 
labeled A1, A3, CV, SO, and SI in Table 1. 
Each of these classes must be explained. 
Classes A1 and A3 consisted of words for 
which the E Word (assumed IAR) was an 
antonym of the CS Word. Thus, Top is 
assumed to be the IAR to BOTTOM, TAKE to 
GIVE, and so on. In forming A1 and A3, 16 
Pairs of antonyms were divided randomly 
into four subgroups of four pairs each. Two 
of these subgroups were then assigned ran- 
domly to A1 and A3 as CS Words and E 
Words, the second member of the pairs of the 
other two subgroups as C Words. However, 
for these C Words, no CS Word appeared 
earlier in the list. Thus, when S was con- 
fronted with the C Word DOWN, this had not 
been preceded by ur. On the other hand, 
when S was confronted with the E Word TOP, 
it had been preceded by the CS Word, 
BOTTOM. The rationale of the study predicts 
that S will be more likely to say that top 
rather than pown had occurred earlier in the 
list. 

The CS Words for the A1 class were 
presented only once; those for the A3 class 
were each presented three times prior to the 
appearance of the E Word. A comparison 
between these two classes will provide evi- 
dence on the role of frequency of ARs. 

The third class of CS Words in Table 1 is 
CV, an abbreviation for converging associa- 
tions. Each of the CS Words on a line is 
known to elicit the E Word with appreciable 
frequency in word-association norms. Thus, 
BREAD is a frequent response to both BUTTER 
and CRUMB, SLEEP a frequent response to 
both BED and DREAM, and so on. In selecting 
words for the first three classes in Table 1, 
major use was made of the Connecticut word- 
association norms as given by Bousfield, 
Cohen, Whitmarsh, and Kincaid (1961) with 
minor use of the Minnesota norms (Russell & 
Jenkins, 1954). 

The fourth class of CS Words in Table 1 is 
labeled SO (superordinates). Each of the CS 
Words on a given line isa specific instance of 
the category which becomes the E Word. 
These Words „were taken from Cohen, Bous- 
field, and Whitmarsh (1957). In actual fact 
these investigators asked Ss to give specific 
instances to the category name, However, we 
are assuming that the instances will in turn 
elicit the category name as an IAR with ap- 
preciable frequency. Some justification for 
this assumption is found in word-association 
norms. „For example, the Connecticut word- 
association norms show that 50% of the Ss 
responded to the stimulus word CANARY with 
BIRD. 
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TABLE 1 
CRITICAL STIMULUS WORDS, EXPERIMENTAL WORDS, AND CowrROL Worns 
Class Critical Stimulus Words E Word Position C Word 
TOP 113 DOWN 
BOTTOM 2 
A1 Gus TAKE 135 GOOD 
i DAY NIGHT 170 Low 
MAN WOMAN 188 RICH 
ROUGH SMOOTH 154 WEAK 
A3 | FALSE TRUE 162 DIRTY 
HARD SOFT 178 SHORT 
SLOW FAST 192 GIRL 
BUTTER, CRUMB 129 BRIDGE 
BED, DREAM 155 SMILE 
CV | SUGAR, BITTER, CANDY SWEET 147 SALT 
ANIMAL, CAT, BARK DOG 182 HORSE 
DARK, HEAVY, LAMP, MATCH LIGHT 175 LEG 
WARM, CHILL, FREEZE, FRIGID, HOT, ICE COLD 196 CLOUD 
MAPLE, OAK, ELM, BIRCH TREE 123 FISH 
SO COTTON, WOOL, SILK, RAYON CLOTH 158 FRUIT 
ROBIN, SPARROW, BLUEJAY, CANARY BIRD 189 FLOWER 
BARREL, DOUGHNUT, DOME, GLOBE, SPOOL ROUND 146 SHARP 
SI | atom, CABIN, GERM, GNAT, VILLAGE SMALL 165 FAT 
BANDAGE, CHALK, MILK, RICE, SNOW WHITE 179 RED 


The final class in Table 1 is SI (sense 
impressions). Taken from Underwood and 
Richardson (1956), each word on a line is 
known to elicit the E Word with appreciable 
frequency when the associations are limited 
to sense impressions by instructions and 
training. 

The CS Words on a given line are not 
completely without associates to E Words on 
other lines. There are two fairly obvious 
instances. The CS Word DOUGHNUT in the SI 
class also elicits the word SWEET with appreci- 
able frequency, SWEET being an E Word in 
the CV class. So also snow leads to COLD, 
Such “contamination” would, according to 
the notions in the introduction, tend to in- 
crease the number of false recognitions of the 
appropriate E Words, 

The column labeled "Position" in Table 1 
represents the 
words occupied 
ion of a given C 
tions away from the Position of its correspond- 


ing E Word. „us, the C Word poww 
occurred at Position 111. Taken as a whole, 
the C Words occurred after 


the positions with the last occurring at 
Position 151. However, it may be of value 
to indicate the number of Positions between 


the last CS Words and the E Words of the 
Classes. For Al, the range for the four words 
was from 86 to 104 Positions, with a mean of 

For A3, the range was 36-89, with a 
mean of 53; for CV, a range of 30-60, with 
O, from 27-68, with 
for SI, 27-73, with 


47 F Words, Of these 42 
4 occurred three times, and 1 
occurred only once, Therefore, the 200 posi- 
tions are accounted for as follows: CS Words, 

E 20; and F Words, 


53. 
There were 


remaining three quarters, 

Procedure and Ss.—The instructions and 
the words were presented by a magnetic tape 
recorder. The Ss were given a single sheet of 
paper on which 200 numbered blanks oc. 
curred. The instructions required S to record 
a plus if he believed the word had occurred 
earlier in the list, a minus if he believed it had 
not. The instructions indicated that if S was 
in doubt a decision had to be made; a plus or 
minus had to be recorded for each blank. 
The words were read at a 10-sec. rate, each 
being spoken twice in immediate succession. 
The trial number Was indicated after every 
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tenth word to avoid any confusion as to the 
particular number of the word at the moment. 

A total of 107 Ss records was completed in 
four group sessions. All Ss were college 
students taking introductory psychology 
courses at Northwestern. Seven of the 
records were eliminated on a random basis, 
so the data to be presented are based on 
100 Ss. 


RESULTS 


Table 2 shows the number of plusses 
(hence, percentage of Ss) recorded for 
each E Word and its corresponding 
C Word. Also shown are the sub- 
totals for each class of words. Look- 
ing at these subtotals it may be 
quickly noted that for Classes A1 and 
SI, expectations are not supported 
but that for Classes A3, CV, and SO, 
frequency of plusses for the E Words 
is much greater than for the C Words. 
However, we may first make an 
overall statistical evaluation without 
regard to classes of words. For each 
S the total number of plusses made 
to the 20 E Words was determined and 
also the total number made to the 20 
C Words. The E Words produced a 
mean of 4.43 plusses, the C Words a 
mean of 2.53. The difference (1.90 
Æ .23) gives a ¢ of 8.26. It must be 
concluded that Ss responded more 


Erud to the E Words than to the 


A statistical analysis of differences 
in frequency for E and C Words by 
classes of items is difficult by conven- 
tional methods since many Ss did not 
respond with a plus to any of the 
words within a class. Even in the 
above analysis there were 8 Ss with a 
zero entry for the 20 E Words and 24 
Ss with a zero entry for the C Words. 
However, certain simple computations 
allow some fairly firm conclusions 
about the statistical significance of the 
responses by classes of words, a matter 
to which we will turn shortly. 

We may ask about the frequency of 
Plusses for all words except E Words 


when they first occurred. This deter- 
mination across the entire series of 
words provides a measure of the 
"false-alarm" or “false-positive” rate. 
The 200 words were divided into 
eighths and the number of false alarms 
determined for each of these eight 
sections. The number of words 
which first occurred (hence, could 
result in false alarms) in each succes- 
sive eighth was 23, 22, 16, 15, 18, 9, 
10, and 9. The mean numbers of 
plusses (false alarms) per word in each 
eighth are plotted as filled dots in Fig. 
1 with a straight line drawn through 
them. It is clear that there is an in- 
crease in false alarms as the number of 
prior words increases; in the eighth 


TABLE 2 


NuMBER OF PLusses GIVEN TO EACH E 
AND C Worb By 100 Ss witH 
SuBTOTALS FOR EACH CLASS 


or Worps 
" i 
Class | E Word | No.of | c word | No.of 
TOP 9 DOWN 20 
TAKE 11 GOOD 5 
Al |NIGHT 24 | Low 2i 
WOMAN 5 RICH 10 
Total 49 62 
SMOOTH 28 WEAK 9 
TRUE 12 DIRTY 9 
A3 |sorr 37 SHORT 25 
FAST 49 GIRL 9 
Total 126 52 
BREAD 21 BRIDGE 28 
SLEEP 23 SMILE 10 
SWEET 24 SALT 11 
CV | poc 20 | HorsE 7 
LIGHT 42 LEG 13 
COLD 39 |croup 15 
Total 169 84 
TREE 19 |risu 9 
SO | cLorn 18 |rnurr 11 
BIRD 38 FLOWER 11 
Total 75 31 
ROUND 7 SHARP 9 
SI | SMALL 14 | Fat A 
WHITE 3 RED 8 
Total 24 24 
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5 
SUCCESSIVE EIGHTHS 


False-alarm rate (number of plusses) within each successive block of 25 positions 


BENTON J. UNDERWOOD 


o 
n 
6 8 


across the 200 words and number of plusses for cach of the 20 E Words, 


section the 100 Ss averaged 11.2 false 
alarms for the nine words which first 
occurred in that section; in the 
first section the corresponding value 
was 0.5. 

The plusses or false alarms for each 
E Word are also plotted in 
above the eighth in which it occurred, 
The statistica] 


Population of words Tepresented by 
the false-alarm 
Words when 


Clearly, Classes A1 and SI could come 
from 


come from this population of false 
The sum 
of the plusses for the three E Words 
in the SO class is 75; how probable is 
it that this sum would be equaled by 
any three control words used to Du 
the false-alarm rate in Fig. 1? To 
determine this the number of DM 
or the 46 words used to derive the "i 
ialf of the false-alarm curve were - 1 
sted. From this listing 100 samples 


of three each were drawn 
table of random numbers) and the 
sum of the plusses for each sample 
determined. In drawing the samples, 
replacement was immediate; that is, 
the same value (representing the num- 
ber of plusses for a given word) could 
have been drawn so as to constitute 
all three entries in a Sample, The 
mean of this distribution of 100 sums 
was 30.71, with a standard deviation 
of 12.04, The maximum summed 
value obtained for any one sample was 

Since the E 


(using a 


Presence of the CS Words. Or, to say 
this as. apparently con. 
fused the RR of the E Word with the 
IAR made earlier to the CS Word. 
The above Procedure could be re- 
peated for the A3 and CV classes and 
the same conclusion would be reached. 
However, this is quite unnecessary, 
The maximum frequency of plusses 


ex 
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for any word used in obtaining the 
control false-alarm rate was 28 (for 
BRIDGE, a C Word). Multiplying this 
value by 4 (112) does not yield a 
frequency as high (126) as the fre- 
quency produced by the four E Words 
in the A3 class. Multiplying 28 by 6 
does not result in a frequency as high 
as that produced by the six E Words 
in the CV class. 

In summary, therefore, the evidence 
indicates that RRs were confused 
with IARs for three classes of words. 
Among the 13 E Word-C Word com- 
parisons in these three classes there is 
only one instance in which the fre- 
quency of the plusses for the C Word 
was higher than for the E Word (Class 
CV, BRIDGE vs. BREAD). The maxi- 
mum frequency of false alarm for any 
E Word was 49; 4995 of the Ss 
indicated that the word Fast had 
occurred earlier in the list when in 
fact it had not. It is of some interest 
to compare this value with that of the 
lowest frequency of detection of a 
repeated word. The F Word HOME 
appeared in Position 13 and again in 
Position 118 at which time only 51% 
of the Ss indicated it had occurred 
earlier. Overall, however, the correct 
detection of repeated words was 
85.0%. It is evident, therefore, that 
S is far more likely to recognize a 
repeated word than to give a false 


alarm to a nonrepeated word even 
when we attempt to confuse him. 
Other relationships.—The Ss showed 
appreciable consistency in their tend- 
ency to report that a word had oc- 
curred earlier when in fact it had 
not. The product-moment correla- 
tion across the 100 Ss for number of 
plusses for the 20 E Words and for 
the 20 C Words was .62. A total of 
102 of the 200 positions was held by 
CS Words and by the first occurrence 
of F Words, The correlation between 
the number of plusses made to these 


102 words and the number made to 
the E Words was .60, and to the C 
Words, .67. On the other hand, the 
ability to detect a repetition is not re- 
lated to the tendency to indicate that 
a word had occurred earlier when it 
had not. There were 58 positions held 
by repeated words. The correlation 
across the 100 Ss between the number 
of plusses assigned these 58 positions 
and the number of plusses assigned 
the 102 positions when words first 
occurred was —.02. A scatter plot 
gives no indication of curvilinearity. 


Discussion 


Three of the classes of E Words pro- 
duced results in conformance with the 
notion that RRs may be confused with 
IARs that occurred earlier; two classes 
did not. The fact that words in the A1 
class did not produce false alarms beyond 
the control rate while those in A3 did, 
indicates that frequency of IARs is a 
critical variable. It would seem quite 
reasonable to presume that if an IAR 
occurs three times it has more of the 
properties of an RR than if it occurs only 
once. Indeed, it is precisely this fact 
which Deese (1959) has demonstrated by 
a sharp relationship between the appear- 
ance of an intrusion (a word which had 
not appeared in the list) in recall and the 
associative strength of the intruding 
word to the words actually in the list. 
However, in the case of the A1 words vs. 
the A3 words in the present study, 


the IARs to the CS Words in A1 are 
therefore, forgotten or interfered with 
more than those produced by the CS 
Words in A3. While this possibility 
cannot be ruled out entirely, there is 
evidence against it. In the A3 class a 
total of 89 words occurred between the 
last presentation of the CS Word HARD 
and its E Word SOFT, yet 37% of the Ss 
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indicated they had heard the word 
earlier. For two of the cases in the Al 
class, 86 and 89 words occurred between 
the CS Word and the E Word, yet the 
E Words produced only 11% and 5% 
plusses. Furthermore, an examination 
of the results for the CV class indicates 
that those cases where four and five CS 
words occurred (and were presumed to 
elicit a common associate) produced 
more false alarms than did the cases in 
the CV class where only two and three 
CS words were used, and this occurred 
when the number of words between. the 
last CS and the E Word was essentially 
the same for all cases. Thus, the evi- 
dence points strongly to frequency of 
IAR as a variable in producing confusion 
between IARs and RRs. 

The SI class of words gave completely 
negatively results; frequency of false 
alarms to the E Words in this class was 
no greater than for the C Words. As 
will be remembered, a given set of CS 
words in the SI class will, under appro- 
priate instructions and training, elicit 
the common response which was here 
used as the E Word. It is possible that 
within the context of the present series 
of words these sense-impression responses 
occur as IARs with low frequency. How- 
ever, in the Connecticut word-association 
norms (Bousfield et al., 1961) four of the 
five CS Words presumed to elicit the E 
Word noUxp do in fact elicit ROUND with 
some frequency (10%, 9%, 9%, and 
28%). Nevertheless, these frequencies 
are much lower than the frequencies in 
the other classes. We may tentatively 
conclude that the negative results in the 
SI class are due to the failure of the CS 
words to elicit the common IARs with 
appreciable frequency. 

The logic of the experiment was that 
the RR to the word of the moment would 
lead S to say that the word had occurred 

earlier if this RR was the same as an 
IAR produced by a word or words earlier 
in the list. This scheme might be 
reversed to say that the IAR to the word 
of the moment, if the same as an RR to 
an earlier word, would lead 5 to say that 
the present word had occurred earlier. 


Thus, if the word of the moment was 
DOWN, and if it elicits the IAR up, and 
if up occurred earlier in the list, S might 
believe that DOWN had occurred earlier. 
Such a mechanism might indeed handle 
the results for A3, for antonyms are 
bidirectionally associated. And, such a 
mechanism might account for the failure 
for the SI items, since the E Words do 
not elicit the CS Words with appreciable 
frequency in available norms. However, 
it cannot account for the results for the 
CV and SO classes. The positive effects 
produced in these classes must be due to 
the elicitation of the same IAR by two 
or more different CS Words, otherwise 
positive results would have been ob- 
tained in the A1 class. The IAR of the 
word of the moment cannot be confused 
with two or more different RRs of 
previous words such as would be neces- 
Sary by the alternative scheme. Of 
course, it is possible that both mechan- 
isms may be involved but until this is 
clearly demonstrated we will conclude 
that the original scheme presented is 
most appropriate; the RR to the word of 
the moment is confused with the common 
IAR produced by two or more previous 
words. This is essentially the same con- 
clusion reached by Mink (1963) as a 
result of his studies on semantic general- 
ization. And it should be noted that the 
present study could be classified as 
a study of secondary or 
generalization. 

Figure 1 showed that the frequency of 
false alarms increased throughout. Al- 
though this increase may be due to the 
Same mechanisms presumed to operate 
for the E Words, another factor may be 
in part responsible. It is possible that 
the greater the number of words S heard 
the more likely he would believe that a 
repetition would occur. Thus, if in 
doubt late in the list he would be more 
likely to signify that a repetition had 
occurred than if in doubt early in the 
list. This could be true in spite of the 
fact that the objective repetition was 
held constant over the last three quarters 
of the list. Nevertheless, certain of the 


C Words produced false alarms with such 


semantic 
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high frequency that an examination of 
possible causes was made. Some may 
have been produced by high formal simi- 
larity of RRs. For example, LOW pro- 
duced 27 false alarms. The word LAW 
occurred as an F Word earlier in the list. 
The high frequency for sHoRT may have 
been due to the appearance of SHARP 
earlier in the list. The C Word which 
produced the highest number of false 
alarms was BRIDGE. No previous word 
has high formal similarity and, when 
BRIDGE is thought of as a structure 
spanning water, no previous word would 
seem to elicit it as an IAR. If these Ss 
are avid players and followers of the 
game of bridge, such words as MASTER 
and major (which occurred three times) 
may have elicited BRIDGE as an IAR. 
In any event, it is apparent that we were 
unsuccessful in the attempt to establish 
homogeneity in false-alarm rates to 
control words. 
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PRIMACY AND RECENCY EFFECTS IN SERIAL-POSITION 
CURVES OF IMMEDIATE RECALL: 


JOHN C. JAHNKE 


Miami University 


Each of 48 college students were read lists of 6, 10, and 15 English words 


in counterbalanced order. 


Half the Ss were given instructions for the 


immediate serial recall of the lists; the remaining, immediate free recall. 
Mean percentage correct recall was found to be higher for conditions of 


free than serial recall and for shorter than longer lists. 

curves showed that recency effects, relative to primacy 
for free than serial recall and for longer than shorter lis 
of recall appeared to be more closely related to orde: 
item during recall than to its order during presentat: 


Deese (1957) has presented data indicating 
that the form of the serial-position curve of 
immediate free recall is different from that of 
immediate serial recall. The first purpose of 
the present study is to verify this finding. 
Because other studies have examined serial- 
position curves of immediate free recall only 
with relatively long lists of items (e.g., Deese, 
1957; Deese & Kaufman, 1957; Murdock, 
1962) and of immediate serial recall only with 
relatively short lists (e.g., Jahnke, 1963), the 
present study also examined recall with both 
long and short lists, 

Method.—The Ss were 48 Miami Univer- 
sity undergraduate students of both sexes, 
None of the Ss had served previously in any 
experiment on immediate memory, 

The Ss were instructed for immediate recall 
of lists of English words. Half the Ss were 
told to listen to the Words and recite as many 
of the words as they could in the order they 
heard them (serial recall). The remaining Ss 
were told to listen to the words and recite as 
many of them as they could (free recall). 
Subject to the condition that the ratio of men 
to women be approximately the same in each 
recall condition, assignment of Ss to the 
recall conditions was made in the abba 
sequence. r 

pre lengths used here were 6, 10, and 15 
words. In both recall conditions, Ss received 
a total of 12 different lists, 4 at each of the 
three lengths, One trial was given on any one 
list. Twelve different orders of presentation 


is s y was supported in part by Contract 
AF SST ADASO. with the Aerospace Mica i 
o ies, Engineering Psychology Branc: 3 rigi 
Biu \ir Force Base, Ohio, and in part by a 
d pi ch appointment to the writer from 


Miami University. 


Serial-position 
» Were stronger 
s. Frequency 
r of emission of an 
ion. 


of the lists were Prepared such that each 
length of list appeared once in each block of 
three trials. Any order of presentation in a 
three-trial block was never repeated over the 
four blocks for any one S. Each list length 
appeared approximately equally often at cach 
Stage of practice. The Ss were informed 
before each trial how many words would be in 
the list they would next hear. 

The words of each list were chosen by 
drawing without replacement. from the pool 
of those words with frequency 45-49 per 
million (Thorndike & Lorge, 1944) in order 
to keep the average frequencies of the lists of 
different lengths essentially constant, After 
a thorough shuffling, the lists at each length 
Were used one after another 
successive trials, 
1/sec rate without inflection ore 


mphasis by a 
female E, 2 


S's responses 
interval which 


condition, A mixed-factorial 
analysis of variance of these data showed that 
recall was better for free than serial recall 
and for shorter than longer lists, F (1, 46) 
= 7.37 and F (2, 92) = 626.63, respectively, 
P<.01. The interaction effect Was not 
significant (F < 1). For these and all subse- 
quent analyses, a word recalled was scored 
correct if it was from the list to be recalled, 
even if the word was not given in its correct 
serial position. 

Serial-position curves for each experimental 


condition are presented in Fig. 1 in terms of 
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8 9 ON I2 B I4 I5 


MEAN PER CENT RECALL 


FREE RECALL 


907,234 56789 ON 1219 14 5 


SERIAL POSITION 


Serial-position curves for each 


Fic. 1. r 
experimental condition. 


performance averaged over the four trials at 
each length of list. Inspection of Fig. 1 sug- 
gests that the relative strengths of primacy 
and recency effects are different for the two 
recall conditions and also, possibly, for the 
lists of different lengths. To test these rela- 
tions, the number of times the last two items 
were Siven correctly (a measure of recency) 
d subtracted from the number of times the 
Ps two items were given correctly (a measure 
ol primacy) for each $ for each length of list. 
These difference scores were subjected to a 
mixed-factorial analysis of variance, which 
showed that the main effects of recall condi- 
tion and list length were significant, F (1, 46) 
= 20.79 and F (2,92) = 7.80, respectively, 
p €.01. The interaction effect was not 
significant (F € 1). These results show that 
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recency effects, relative to primacy, are 
stronger for free than serial recall and for 
longer than shorter lists. The nonsignificant 
interaction shows that the trend toward 
relatively stronger recency effects with in- 
creasing list length was much the same for 
both recall conditions of the present study. 

Studies of immediate serial recall and im- 
mediate free recall of lists of unrelated words 
(Bousfield, Whitmarsh, & Esterson, 1958; 
Deese, 1957; Deese & Kaufman, 1957) have 
shown that there is a high positive correlation 
between the frequency with which an item is 
recalled (FR) and the order in which an item 
is emitted during recall (OR). Such correla- 
tions were computed separately for each of the 
six experimental conditions of the present 
study, as were also the correlations between 
FR and the order of an item during presenta- 
tion (OP) and between OP and OR. Table 1 
presents these rank-order correlation coeffi- 
cients. Table 1 shows that FR and OR are, 
in general, strongly related. The one non- 
significant correlation between these two 
variables, that for the free recall of the 6-item 
lists, may be explained in that items tended to 
be ordered in recall as they were in presenta- 
tion (p = .943, p « .05), but that the last 
item was very frequently recalled. With but 
one other exception, not only were the 
correlations between FR and OR very high, 
but all other correlations were low. 

The OP-OR correlations seen in Table 1 
suggest that Ss order their recall differently 
in serial and free recall. Inspection of the raw 
data showed that when recall was serial, Ss 
tended to recall in the order given, particularly 
on the first few trials. With longer lists, 
those items likely to be recalled after the first 
few were those from the end of the list. 
When recall was free, Ss tended to recall 
items in the order given only when lists were 
short. With longer lists, recall was usually of 
last items first, followed frequently by first 
items. 

Finally, since Ss in the serial-recall condi- 


TABLE 1 
RANK-ORDER CORRELATION COEFFICIENTS BETWEEN FREQUENCY oF RECALL (FR) 


AND ORDER OF AN ITEM DURING PRESENTATION (OP) AND RECALL (OR) 


Free Recall Serial Recall 
Variables : 
6 Items 10 Items | 15 Items 6ltems | | 

FR-OR 529 | .976%* so" | lage | — er 
FR-OP 320 | —355 —204 ‘043% Sor EN 
ORSR UN —.296 )943* 1358 E 

* b «.05 

mp <.01 
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tions were requested to recall the items in 
order of presentation, they might be expected 
not to verbalize remembered words when they 
were unsure of the words’ positions. Conse- 
quently, both fewer correct responses and 
more omissions would be expected for 
the serial-recall conditions. A significantly 
smaller percentage of correct responses was 
noted above for the serial-recall than the 
free-recall condition. The mean numbers of 
omissions were also significantly different, 
with differences in the expected direction, 
t (46) = 2.618, p < .01. 

Discussion.—The present study confirms 
and extends earlier findings concerning the 
effect of instructions for immediate free and 
serial recall on the form of the serial-position 
curve. When instructions were given for 
serial recall, primacy effects were relatively 
stronger and recency effects relatively weaker 
than when instructions were given for free 
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recall (cf., Deese, 1957; Deese & Kaufman, 
1957; Jahnke, 1963; Murdock, 1962). For 
both recall conditions recency effects became 
stronger, relative to those of primacy, as 
length of list increased. 
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TRANSFER OF TRAINING ACROSS TARGET SIZES! 


INA McD. BILODEAU 


Tulane University 


The present paper deals with an instructional manipulation of target 
size or width of tracking path in an S-paced tracking task: E verbally 
defined the limits of correct responding, the limits varying from treat- 
ment to treatment. After extended training under one path width, S 
was tested with the same or a different path width. 2 experiments 
completed the 9 factorial combinations of the 3 values of path width 
used. Transfer of training was positive in all cases, but the amount of 
transfer declined as the difference between training- and test-target 
limits increased. Very regular generalizationlike functions were ob- 
tained when amount of transfer was plotted against magnitude of the 
shift in path width; direction of the shift was apparently irrelevant. 


AUGUST 1965 


" When perceptual-motor tasks can 
: ges along some dimension (gear 
i Manger speed, control pressure, 

-^ transfer of training from one 


vos the dimension (Osgood, 1949). 
"Where positive transfer is expected, 
optimal performance is predicted when 
training and test tasks are the same, 
and lesser levels of performance, the 
greater the shift in treatment. 
"Though there is a good deal of evi- 
dence that transfer of training is 
independent of target size, there is 
Very strong evidence with simple 


1 The data on which this report is based 
Were collected at Lackland Air Force Base, 
San Antonio, Texas. 

The author wishes to acknowledge the 
assistance of Frank E. McClammy who ran 
most of the Ss and who helped formulate the 
Instructions, 


positioning devices that the problem 
in these cases is to account for a 
behavioral insensitivity to target size 
rather than for an anomaly of transfer 
of training (Bilodeau, 1952a, 1952b, 
1954, 1955, 1956). The present 
prediction that transfer of training 
will depend on shift in target size is 
based, therefore, on the expectation 
that the responses practiced during 
training can be made to differ from 
the responses required in a test, 

In the present study target size was 
varied as width of the tracking path- 
way, or the latitude allowed in re- 
Sponses called correct. The task was 
to turn two contro] handles to drive a 
pin along a path; instructions defined 
the limits of Correct responding. The 
study was designed to avoid two 
common difficulties in work with tar- 
get size. The difficulties are: (a) 
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failing to distinguish between scoring 
and performance by confounding 
scoring and target areas and (b) 
using tasks which do not penalize S if 
he fails to change his behavior with 
his target. The latter difficulty may 
explain why target size is irrelevant 
in transfer of training; the former 
makes it impossible to state whether 
the 100% transfer occurs despite 
differences in behavior from target 
to target, or because there are none 
(Bilodeau, 1952a, 1954). In our 
S-paced task, a difference in distance 
around the track necessitates some dif- 
ference in performance; differences are 
encouraged by the fact that S's score 
suffers if he responds within either 
Narrower limits (he unnecessarily re- 
Stricts adequate responses and loses 
speed) or wider limits (he must retrace 
to correct errors) than his target 
requires. That S must balance speed 
and accuracy for a high score implies 
also that transfer will be controlled 
more by amount than by direction of 
shift in target size. 

A preliminary experiment with the 
present technique gave differences in 
training but not in a test after a half- 
dozen training trials. For caution, 
therefore, because of the investment 
of 9 days of practice per S and the 
novel manipulation of target size, the 
first of the following experiments tested 
for transfer with only the narrowest 
path width; the purpose was to deter- 
mine if transfer would vary with shift 
in target size after extended training. 
The second experiment was then run 
to provide data under the two broader 
path widths to test the expectation 
that transfer would depend more on 
amount than direction of shift in 
target size. 


METHOD 


Subjects. —Permanent party airmen at 
Lackland Air Force Base served as Ss, 48 in 
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Exp. I, 66 in Exp. II. The Ss were scheduled 
in pairs to run at about the same time of day 
throughout the experiment. Unsystematic 
testing sequences were used to assign the 
pairs to groups of 16 Ss in Exp. I and 10 or 
12 Ss in Exp. II. 

Apparatus.—The device used was the F 
unit of the Two-Hand Track Apparatus 
(Bilodeau & Bilodeau, 1958). The Two- 
Hand Track replaces the target of the Stand- 
ard Two-Hand Coordination Test (Melton, 
1947) with a path in the shape of a four-leaf 
clover and substitutes a tracking pin (.44 in. 
in diameter) for the target follower. The path 
is formed of 48 contacts embedded in a .5 X 19 
in. plastic strip. The object is to drive the 
pin over the pathway, under instructions to 
trace the path as quickly as possible. 

Procedure.— he procedure was designed 
to promote high levels of learning and per- 
formance before testing for transfer. ‘Two Ss 
in the same group alternated trials, one 
practicing while the other rested. The Ss 
had five 1-min. trials a day at 80-sec. inter- 
trial intervals for 9 days. For the first S of a 
pair, E moved the pin to the start of the path; 


thereafter S took over where his partner* 


ended, except that E moved 
the nearest point on the pati 
finished with an error. 
each other practice except on days introducing 


new treatments, The Percentage of improve- 
ment of the pair as a team Was reported before 
a day’s practice began, 


c The percentage 
Compared the last trial of the preceding day 
with the last trial o 


Í the day before that; 
last vs. first trial of the preceding day 
Was reported on the day after a change in 
treatment, 

There w 
P (precise), 
standard treatment 


the pin back to 
h if the partner 
Partners watched 


apparatus was turned off so that the stepping 
switch did not operate. The Ss of Treatment 
M (moderate) met the target requirements 
so long as any part of the pin touched a 
contact, or, effectively the tolerance was 
about 865° in handle turning; S was to retrace 
to correct errors. Treatment F (free) re- 
quired only that some part of the pin be kept 
in contact with some part of the track, so 
that the tolerance was approximately 1626°. 
Moreover, Ss of Treatment F were not 
obliged to stop or retrace to correct an error— 
if the pin lost contact with the path, S was 
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to bring the pin back as soon as possible to 
some point farther along in the path. In 
summary, the range of treatments was such 
that for a correct response in Treatment P an 
Shad to position the pin at target center with 
accuracy within about a quarter turn of his 
crank handles, while in Treatment F, S could 
be inexact in hitting path center by as much 
as two and a quarter turns. As the task and 
instructions varied, E’s demonstration of cor- 
rect and incorrect responding varied appro- 
priately. Questions were asked to check S's 
understanding. All three treatments stressed 
speed. Treatment F gave additional speed-up 
warnings on Training Day 1: to both Ss after 
the second partner's Trial 2 and, individually, 
halfway through the second partner's Trial 3 
and the first partner's Trial 4. The response 
measure was the distance traveled in number 
of circuits of the path per trial. 

The Ss received one of the three treatments 
for 6 days (training), and then had a 3-day 
test for transfer. The Ss of Exp. I were 
tested under Treatment P after training under 
Treatment P, M, or F. Experiment II com- 
pleted the factorial design for training and 
test combinations: about half the Ss trained 
under one treatment were tested under Treat- 
ment M, the others under Treatment F. 
Table 1 provides the n’s with a summary of 
the experimental design. 


RESULTS AND DISCUSSION? 


Mean number of circuits of the 
ERC in. along path center) per 
1S plotted for both training and 
test in Fig. 1, breaks in the curves 
separating the daily sessions. The 
data in Fig. 1 will be briefly considered 
before the major comparison of inter- 
treatment transfer is presented. 
Training.—As the two experiments 
yielded comparable trends, their train- 
ing data were averaged for the curves 
in the left-hand portion of Fig. 1, 
For present purposes, the most im- 


? Tables of trial means and variances have 
been deposited with American Documentation 
Institute. Order Document No. 8385 from 
ADI Auxiliary Publications Project, Photo- 
duplication Service, Library of Congress, 

ashington, D. C. 20540. Remit in advance 
$1.25 for microfilm or $1.25 for photocopies 
and make checks payable to Chief, Photodu- 
plication Service, Library of Congress. 
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TABLE 1 
EXPERIMENTAL DESIGN 


Training 
Exp. Test 
B M F 
I P 165 16 16 
II M 12 10 10 
II F 10 12 12 


Note.—Entries give group 7. 
* = 15 on Day 9, because one S was ill. 


portant point is that the treatments 
were adequate in producing widely 
different training experiences: on all 
30 trials the means are ranked in order 
of path width. But there is also a 
treatment effect on the trends; the 
function relating performance to trials 
is nearly linear in Treatment P, and 
negative acceleration becomes more 
marked as target size increases and 
scoring difficulty decreases from P to 
M to F. A comparison of training 
treatments, using the ranks of S totals 
for Day 6 of training, yielded H 
(2) = 92, p < .01 (Kruskal & Wallis, 
1952). 

Test.—The right-hand portion of 
Fig. 1 presents the performance of the 
nine groups in the transfer-test trials 
of Days 7-9. The symbol identifies 
test, the line, training treatment. 
For example, Group P-M combines 
solid lines (P training) with Xs (M 
testing), Group F-P combines dotted 
lines (F training) with closed circles 
(P testing), and Group M-F combines 
dashed lines (M training) with open 
circles (F testing), Several points 
can be made by inspection. (a) 
ril training is positive in 

nce (compare early trials 
of test and training curves using the 
same symbol). (b) Transfer is not 
complete (compare test trials of 
groups having the same symbol): 
for any test treatment, performance ig 
best when S had that treatment in 
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Fic. 1. Mean number of circuits of the 19-in. trackin, 
three training treatments and on 15 test tr; 


training. (c) Transfer to the extreme 
test treatments, P and F, decreases, 
the greater the change in path width 
from training to test. (d) The curves 
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FiG. 2. Mean percentage of trial savings 
as a function of test treatment, training treat- 
ment the parameter. 
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25 30 


5 lo I5 
TEST TRIALS 


ig path on 30 training trials for the 
ials for the nine groups. 


of groups shifted between M and F 
converge as the test Progresses, shifts 
between P and either M or F produce 
less ready adjustment to the new task. 
(For each symbol, compare solid lines 
with the two other curves.) Even the 
early test trials Suggest greater inter- 
task transfer between M and F, in 
that F-trained Ss are superior to P- 
trained on M, the intermediate treat- 
ment (Xs, dotted lines vs. Xs, solid 
lines). The test portion of Fig, 1 
might also be summarized as showing 
that: (a) when training treatment is 
constant, the ranking fits level of 
restriction in the test period (compare 
groups with the same connecting linc 
and note that open circles > Xs 
> closed circles); (b) when test treat- 
ment is constant, the effects are as 


TRANSFER ACROSS TARGET SIZES 


consistent, but require more lengthy 
description; and (c) there is a great 
deal of transfer of training from one 
path width to another, but far from 
100% transfer. 

An analysis of ranked data (Kruskal 
& Wallis, 1952) based on S totals of 
Day 7 was used to test the significance 
of the effect of training treatment on 
test performance, for each test treat- 
ment separately. For P-, M-, and 
F-test treatments, respectively, H 
(2) = 29.1, 20.6, and 18.0, p « .01. 

Intertreatment transfer.—Figure 2 
plots percentage of transfer on the first 
test trial as a function of test treat- 
ment. Training treatment is the 
parameter. The test treatments are 
located along the abscissa in propor- 
tion to tolerance in handle turning. 
The points above Treatment P are 
from the data of Exp. I, the other 
points from the data of Exp. Il. The 
number of trials saved was taken as 
the ordinal number of the control trial 
whose mean was closest in magnitude 
to the mean of the first test trial. 
Group P-P supplied the control data 
in Exp. I; Groups M-M and M-F 
Served as a combined control com- 
Parison for transfer to Treatment M, 
and Groups F-F and F-M as a com. 
bined control comparison for transfer 
to Treatment F. For Groups P-P, 
M-M, and F-F, transfer is 10095; for 
the other groups transfer in Fig. 2 is 
expressed as the percentage of trials 
(out of 31) saved. For the extreme 
treatments, P and F, transfer de- 
creases as the difference in training 
and test treatments increases. For 
the intermediate treatment, transfer 
decreases with a training-test differ- 
ence in either direction. 

The curves of Fig. 2 thus resemble 
Seneralization gradients. The con- 
Siderable symmetry evident in Fig. 2 
15 Consistent with the general position 
that bidirectional gradients of general- 
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ization underlie many transfer-of- 
training phenomena (Osgood, 1949). 
That is not to say that we are dealing 
with response generalization for a 
single response, since S has a range of 
responding for even a single segment 
of the path and since there is doubtless 
some overlap in the response distribu- 
tions of the treatments. The findings 
do clearly indicate that, in this S- 
paced task, test performance varies 
with training treatment, regardless 
of the direction of the target size (or 
precision) difference from training 
to test. 

No evaluation of the minor sug- 
gestions of differential transfer in the 
measures used in Fig. 2 will be at- 
tempted. The »'s are small, the 
comparison cuts across experiments, 
the direction is opposite to expecta- 
tion in E-paced tasks, and amount, 
rather than direction of shift in 
treatment is at least the chief deter- 
minant of transfer of training. If 
transfer both fo and from P is some- 
what out of line, this can be explained 
by the stimulus discrepancy between 
P and the other treatments. Treat- 
ments M and F are guided only by 
visual stimuli; Treatment P requires 
an auditory click as well. One could 
make a strong case that P-trained Ss 
have acquired not only habits that 
lead to positive transfer in M and F 
treatments, but a habit (waiting for 
the click) that introduces an element 
of negative transfer, Figure 2 is 
scaled according to response differ- 
ences, while stimulus and response 
differences do not perfectly covary. 
A final reason for restraint is the 
number of questions that can be 
raised about the measures used to 
compare transfer benefits in tasks 
differing in both absolute score and 
in trend (Gagné, Foster, & Crowley, 
1948; Gibbs, 1951). : 
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RELATIONSHIP BETWEEN STATIC AND 
DYNAMIC VISUAL ACUITY ! 


SEYMOUR WEISSMAN * 


AND C. M. FREEBURNE 


Bowling Green State University 


Research in the area of dynamic visual acuity (DVA) has pointed out a 
controversy as to the nature of the relationship between DVA and static 


acuity. 


This study tried to answer the following questions: (a) Is 


there a relationship between static acuity and DVA at any speed? 


(b) If there are 
of relationships 
60, 90, 120, 150, and 180 
olds for the first 4 speeds were 


°/sec) and 1 


ship with the static acuity thresholds. 


at the 2 highest speed thresholds. 


The term "dynamic visual acuity” 
(DVA) is used to designate the ability 
of an O to discriminate an object 
when there is relative movement be- 
tween O and the object. Miller and 
Ludvigh studied this visual ability 
extensively (Ludvigh, 1949; Ludvigh 
& Miller, 1958; Miller, 1958). Their 
results can be summarized as follows: 


1. Acuity for a moving target de- 
teriorates markedly and progressively 
as the angular velocity of the target 
Increases, 

2. DVA performance can be im- 
Proved through increased target il- 
lumination. 

3. The two above findings apply 
substantially whether the target move- 
ment is horizontal or vertical or 
whether the target is moving with S 
stationary or vice versa. 


In addition, there has been a 
controversy concerning the relation- 
ship between static visual acuity and 
DVA. Ludvigh and Miller (1958) 
found that there was a very low 


! This article is based on a thesis submitted 
by Seymour Weissman in partial fulfillment 
of the requirements for the degree of Master 
E Arts at Bowling Green State University. 

Now at United States Naval Medical 
esearch Laboratory, Groton, Connecticut. 
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relationships at different speeds, are they different kinds 
? 30 women, college students, were given 6 speed (20, 


static measure of acuity. Thresh- 


found to show a significant linear relation- 


The relationship disappeared 


correlation between DVA and static 
acuity, and individuals with similar 
static acuity may differ significantly 
in their dynamic visual acuity. On 
the other hand, Burg and Hulbert 
(1961) noted a significant relationship 
between DVA and static acuity 
thresholds. 

Besides the discrepancy in findings 
of the above studies, both investiga- 
tors failed to test for possible non- 
linear relationships between DVA and 
static acuity. By omitting a test for 
linearity, the previous investigators 
failed to test thoroughly the independ- 
ence of these two types of visual- 
discrimination abilities. 

The object of this study was to 
investigate the relationship between 
DVA and static acuity at a wide 
range of speeds. 


METHOD 


age. Ss were 30 undergraduate 
and graduate women. Their 
from 18 to 40 but 22 of the Ss a Ne 
of age. Twenty-one of the Ss wore their 
corrective lenses, since they used them for 
discriminating objects at a great distance. 
Apparatus.—The apparatus consisted of a 
Kodak 550 Carousel slide projector mounted 
ona revolving turntable, which projected a 
target image on a 180° semicircular screen 
which was coated with white linoleum. The 
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radius was 4 ft. Illumination for the testing 
room was provided by three 100-w. bulbs 
set in the ceiling of the room. The screen was 
illuminated by a 500-w. bulb in the projector. 
The S sat underneath the projector, so the 
Pivot point of the turntable, the center 
curvature of the screen, and S's head were all 
in vertical alignment. The angular velocities 
that were used included 20, 60, 90, 120, 150, 
and 180°/sec. The projector had a shutter 
device to limit exposure for DVA and static 
acuity projection to 1 sec. The shutter was a 
No. 5 Universal manufactured by Ilex Optical 
Company. 

The targets for the DVA and static acuity 
measurements, were seven Landolt rings. 
The rings were randomly presented in each 
of four positions, Le., with the opening at the 
left, right, bottom, and top, from S's view- 
point. The following angles of the gaps 
(given in minutes) were used: 3.35, 2.854, 
2.374, 1.894, 1.414, 0.934, and 0.454, 

: To produce the Landolt rings, seven draw- 
ings 20 times larger than the original dimen- 
sions were constructed, Following that, 
Photographs were taken of the drawings to 
reduce their size to the original dimensions 
stated above. 

Procedure.—The Ss were divided into two 
groups of 15 each. The order of administra- 
tion of the tests to the two groups was 
counterbalanced. Group 1 received the static 
acuity measure first, followed by the DVA 
measures. The Ss in Group 2 were given the 
tests in the reverse order. 

For the DVA and static acuity measure- 
ments, Ss were tested binocularly and were 
allowed free head movement. The targets 
were shown to Ss in random size order and 
were randomly positioned for each of 10 
trials. The S was also tested for 10 trials 
for each angular velocity. Each testing 
session took approximately 2 hr., and three 
5-min. breaks were taken during each session. 


TABLE 1 


INTERNAL Consistency RELIABILITY 
COEFFICIENTS 


Static acuity 


** 

20?/sec im 

60? /sec 1920** 
90°/sec .880** 
120°/sec .871** 
150°/sec 9T 
180°/sec .842** 

eH <.01. 


TABLE 2 


CORRELATIONS BETWEEN STATIC AND 
Dynamic VISUAL Acuity 
THRESHOLDS 


SVA & 20°/sec 13** 
SVA & 60?/sec ate 
SVA & 90°/sec .638** 
SVA & 120°/sec .665** 
SVA & 150°/sec 231 
SVA & 180°/sec .098 


**$ <.01. 


Before each DVA and static test, S$ was 
shown a practice target to familiarize her 
with the type of object and the speed and 
path of the targets to follow. For the DVA 
tests, each target made only one sweep across 
the screen with the projector carriage shifting 
automatically to the next slide after the target 
had left the screen. There was a 10-sec. 
interval between slides for both DVA and 
static acuity tests. The E started the turn- 
table, and once the target encountered the 
screen, the shutter was manually released, and 
the target remained on the screen for 1 sec, 
One second before each target appeared on 
the screen, the word “Ready” was given by 
E as a ready signal for S, The S was required 
to respond “top,” "bottom," "right," or 
"left? to cach target and to guess if undecided. 

The static acuity test and target presenta- 


tion was essentially the same as used for the 
DVA tests. 


RESULTS 


The proportion of correct responses 
for each gap size was tabulated. A 
correction for guessing using the 
f Proportion Correct — 25 
ormula 75 was 
applied to each proportion (Dember, 
1963). These corrected proportions 
were then used to compute the visual- 
acuity thresholds. 

To test the reliability of the meas- 
uring instruments, split-half correla- 
tions were computed for each of the 
seven measures of acuity. These coef- 
ficients were obtained by correlating 
correct responses between odd and 
even trials. The internal consistency 
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coefficients can be found in Table 1. 
All seven internal consistency relia- 
bility coefficients were significant at 
the .01 level. i 

The correlations between Ss’ static 
acuity thresholds and DVA thresholds 
at each of the six speeds are presented 
in Table 2. At all but the two fastest 
speeds (150 and 180°/sec) relation- 
ships between DVA and SVA were 
significant (.01 level). It should be 
noted that there is a decrease in the 
magnitude of the coefficientsof correla- 
tion as the speed is increased. The 
one exception to this trend occurs at 
the 120°/sec measurement. 

To determine better the nature of 
the relationships between DVA and 
Static acuity thresholds, tests of 


linearity were applied to these data. 
b 


For this purpose, the statistic / = = 
was employed (Huntsberger, 1961). 
Table 3 presents these statistics. The 
thresholds at the four lowest speeds 
Showed linear relationships with static 
acuity thresholds at the .01 level of 
Significance, while the thresholds at 
oe fastest speeds (150°/sec and 
[80*/sec) failed to show significant 
ts relationships, either at the .01 
T -05 levels. 
at the basis of the preceding re- 
th S, it seemed desirable to explore 
fis nature of the relationship be- 
Veen thresholds at the two fastest 


TABLE 3 


d T 
Tests op Linearity BETWEEN DVA 
Sratic Acurry THRESHOLDS 


AND 


L 


SVA & 20*/sec 5.3T* 
SUA & 607/scc 4.85% 
Sve & 90°/sec A ier 
Sva & 120°/sec 5.2 
JA & 150°/sec ae 


VA & 180°/sec 


ka 
*b <.01, 


TABLE 4 


7 AND F VALUES FOR 180°/SEC AND 
150°/SEC AND STATIC ACUITY 


THRESHOLDS 
z F 
Static acuity & 150°/sec .581 4.22* 
Static acuity & 180°/sec 582 4,43* 


*p «.05. 


speeds and the static acuity thresh- 
olds. The correlation ratio, 7, was 
therefore computed to determine 
whether or not there was a nonlinear 
association between the 150?/sec and 
180°/sec thresholds and the static 
acuity thresholds. The results of 
these computations are presented in 
Table4. Both the 150°/sec and 180°/ 
sec thresholds show nonlinear rela- 
tionships with the static acuity thresh- 
olds. In Tables 3 and 4 the degree of 
linear or nonlinear association between 
the variables has been presented. To 
give a complete picture of the relation- 
ship between the DVA and static 
acuity thresholds, the form of the 
relationship must be described. These 
relationships are presented in Fig. 1. 
From these graphs, it can be seen that 
the first four DVA thresholds (20, 60, 
90, 120°/sec) take the form of a 
linear relationship. The graphs of the 
150 and 180°/sec thresholds do not 
seem to show a simple curvilinear 
relationship with the static acuity 
thresholds, even though the relation- 
ship is not linear. 

The mean thresholds (in reciprocal 
minutes of arc) and their correspond- 
ing standard deviations at both static 
and angular velocities are presented 
in Table 5. 


Discussion 


This study supports, in part, the 
findings of the Burg and Hulbert (1961) 
study. They found a relationship be: 
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tween DVA and static acuity at all targets between the studies. Burg and 
speeds (at the .01 level of significance), Hulbert used orthorater targets for their 
which were the same speeds as used in static acuity measurements. Another 
the present study. The present study possibility was the different populations 
found a significant relationship at the -01 used in the two studies. Burg and 
level in all but the two fastest speeds. Hulbert (1961) used men and women 
One possible reason for the discrepancy motorists, while the present study used 
in results could be the difference in college women students. 
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Fic. 1. Curves showing rel 
thresholds at six speeds 


Ludvigh and Miller found that there 

Were no significant correlations, at either 

05 or .01 levels, between DVA and 

v Static acuity at any speeds. The present 
study found a significant linear relation- 

ship at the .01 level for all but the two 

fastest speeds. Here, again, there are 
Possible reasons for the discrepancies 1n 

the findings of the two studies. First, 
Ludvigh and Miller used Snellen ratings 

for static acuity, and DVA and static 

acuity were compared monocularly in- 

Stead of binocularly. Second, Ludvigh 
" and Miller used naval aviation cadets 
With 20/20 vision or better (uncorrected). 

It should also be noted that the find- 

ings in Table 5 are comparable to a 

Stated previously in the mec ando 

i movi 
ies pe ied vale as the target 


deteriorated ssive 
progre ORE 
Velocity increased. The variability of 


these thresholds increased in like manner 
as the speed increased. : > 
The results of this study give partia 
Support to both sides of the Lx quen 
significant relationship at the .01 leve 
etween the first four speeds and static 
acuity was found to exist, whereas at the 
two fastest speeds the relationship at 
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ationships between static acuity thresholds and DVA 
(20, 60, 90, 120, 150, and 180°/sec). 


this criterion level of significance was not 
demonstrated. It may be that the 
population sampled in this type of ex- 
periment is an important factor to 
consider. With a restricted range of 
static acuity thresholds, DVA thresholds 
at a wide range of speed would tend to 
deviate greatly from SVA scores. On the 
other hand, at a wide variety of SVA 
thresholds, the DVA thresholds ob- 
tained at the various speeds would tend 
more to be related to the static acuity 


thresholds. 


TABLE 5 


STATIC AND DYNAMIC VISUAL Acuity 
THRESHOLDS CALCULATED IN 
RECIPROCAL MINUTES 
VISUAL ANGLE 


M c 

SVA 2.04 27 
20°/sec 1.95 29 
60°/sec 1.84 .30 
90°/sec 1.78 .32 
120*/sec 1.63 44 
150*/sec .90 .58 
180*/sec .94 .61 


146 SEYMOUR WEISSMAN AND C. M. FREEBURNE 


REFERENCES LupviGH, E. Arch. Ophthalmol., 1949, 42, 
= de 14-22. (Abstract) 

Bure, A., & HuLBERT, S. F. Dynamic visual p upvicn, E. & MiLLER, J. W. Study of 
acuity as related to age, sex, and static visual acuity during the ocular pursuit of 
acuity. J. appl. Psychol., 1961, 45, 111- moving test objects: I. Introduction. 
116. J. Opt. Soc. Amer., 1958, 48, 799-802. 

DEMBER, W. N. The psychology of perception. Miter, J. W. Study of visual acuity during 
New York: Holt, Rinehart, and Winston, the ocular pursuit of moving test objects: 
1963. 


II. Effects of direction of movement, rela- 

HuxTsBERGER, D. V. Elements of statistical tive movement, and illumination. J. Opt. 
inference. Rockleigh, N. J.: Allyn & Soc. Amer., 1958, 48, 803-808. 

Bacon, 1961. (Received April 13, 1964) 


Journal of Experimental Ps: li 
1965, Vol. 70, No. 2, retin bd 


EFFECT OF UCS INTENSITY UPON THE 4 J 
5 I E ACQUISITION 
OF CONDITIONED RESPONSES ACQUIRED Le A 
LENGTHENED INTERSTIMULUS INTERVAL! i 


KENNETH R. BURSTEIN 
University of Massachusetts 
Earlier investigations, using a single UCS intensity value, have shown 


that CRs acquired under a lengthened CS-UCS interval are independent 
of those conditioned at the original CS-UCS interval in terms of their 


latencies. 
intensities were orthogonal to e 


except in the case of a low preshift UCS intensity. 


this discrepant finding is offered. 


A previous study (Boneau, 1958) 
demonstrated that, after lengthening 
the interstimulus interval, the condi- 
tioned response appropriate to the 
initial interval gradually extinguished, 
While, at the same time, the level of 
responding to the lengthened interval 
increased in the same manner as it 
increased in groups conditioned at 
that interval with no previous condi- 
tioning experience. lt was concluded 
that the response conditioned to a 
lengthened interstimulus interval is 
acquired independently of the re- 
Sponse previously conditioned to the 
original interstimulus interval. 

As Boneau points out, a fairly 1 
Percentage of Ss were discarded for 
failure to give UCRs on five or more 
trials, presumably because of the 
Weak air puff em ployed. The purpose 
of this study was to explore the role 
of UCS intensity in the acquisition 
of a CR acquired under a lengthened 


interstimulus interval. 


arge 


epresents à portion ofa 
d to the Psychology 
University in partial 
fulfillment of the requirements for the PhD 
egree. The author wishes to acknowledge 
is indebtedness to Gregory A- Kimble for 
advice and assistance throughout the course 


o : A 
f the investigation. 


Th i 
. | This experiment r 
Issertation submitte 
€partment of Duke 


A 2 X 2 factorial study in which pre- 
ach other confirmed previous results 


and postshift UCS 


An explanation for 


METHOD 


Apparatus.—The eyelid-conditioning ap- 
paratus previously employed at Duke Uni- 
versity (Dufort & Kimble, 1958) was used in 
this experiment. The Ss were seated in a 
sound-deadened, well-lighted cubicle before 
a tablelike shelf. Approximately 1 ft. above 
this shelf was another tablelike shelf upon 
which was a plywood reading stand large 
enough to accommodate the larger popular 


magazines. 


The CS was a tone of 1,000-cps about 40 


db. above threshold delivered through an 
overhead speaker. The UCS was an air puff 
of either 1.0 or 2.4 psi released by a solenoid 
valve and delivered from approximately } in. 
to the temporal aspect of S's right cornea 
through a nozzle with a @-in. aperture. The 
duration of the CS was either .55 sec. or 1.05 
sec. and the duration of the UCS was .05 sec. 
with the CS and the UCS terminating 
simultancously. Intertrial intervals, pro- 
gramed by a motor-operated disc, repeated the 
sequence 22, 14, 21, 20, 15, and 28 sec. 

Subjects.— The Ss were undergraduate 
Duke students participating in order to fulfill 
a course requirement. Of the 131 Ss, 6 were 
discarded because of equipment failure, 1 was 
replaced due to a procedural error, 2 were 
rejected as voluntary responders according to 
criteria suggested by Spence and Ross (1959), 
and 2 were replaced for matching purposes. 
The remaining 120 Ss were assigned hap- 
hazardly to one of eight groups, four experi- 
mental and four control. 

Procedure. —There were 60 Ss in the ex- 
perimental conditions. For the first 50 trials 
these Ss were conditioned with a .5-sec. 
interstimulus interval, half with the low UCS 
intensity and half with the high UCS in- 
tensity. In Trial 51, the interstimulus 
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LOW-HIGH 


HIGH-LOW 
LOW-LOW 
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CR's 


PERCENT 


15 i 

BLOCKS oF TEN TRIALS | 

Fic. 1. Mean Percentage of CRs in latency range .51—.65 sec. for the four experimental [ 
groups and for the 1.0-sec. control groups by blocks of 10 trials, 


interval was lengthened to 1.0 sec. for 100 
further trials and the UCS intensity was 
switched to the alternative value for half the 
Ss in each group. Thus, in terms of UCS 
intensity employed before and after length- 
ening the interstimulus interval, there were 
four experimental groups: low-low, low-high, 
high-high, and high-low. Four control groups, 
each consisting of 15 Ss, were designated the 
-S-high-control, the -5-low-control, the 1.0- 
high-control, and the 1.0-low-control groups. 
These groups received 150 trials at their 
appropriate UCS intensity and interstimulus 
interval. All Ss were instructed to read 
magazines from an ample supply provided 
and to try to forget about blinking. 
Definition of a C. —Following the pro- 
cedure adopted by Boneau (1958), a CR for 
the .5-sec. interstimulus interval was any 
deflection from the base line of 1 mm. or more 
having a latency of .31-,50 sec. Similarly, a 
CR for the 1.0-sec, interstimulus interval was 
any deflection from the base line having a 
latency of -66-1.0 sec. Those CRs falling 
between these two latency ranges, i.e., having 


a latency of 51-.65 sec., are the primary con- 
cern of this study, 


RESULTS 


All groups conditioned with the .5- 
sec. interstimulus interya] aa 
a level of approximately 70% CRs at 
the end of the 50 trials. Except for 
minor random excursions this level 
was maintained in the (control) 
groups which received an additional 
100 trials at the same interstimulus 


interval. All groups conditioned witha 
1.0-sec. interstimulus interval reached 
approximately 45% CRs by the 
fiftieth trial at this interval and main- 
tained this performance level until 
the experiment was terminated. 
Figure 1 presents the mean per- 
centage of CRs in the intermediate 
latency range by blocks of 10 trials 
for the four experimental groups and 
for the two 1.0-sec. control groups. 
An analysis of variance of the inter- 
mediate latency responses of the 
experimental groups reveals no sig- 
nificant effect of postshift UCS in- 
tensity, F (1, 56) = 1.33. The -pre- 
shift intensity effect is significant at 
the .005 level, F (1, 56) = 9.42, 
shown in Fig. 1, there is almost no 
overlap in the intermediate responses 
of groups conditioned with different 
UCS intensities for the first 50 trials. 
As Boneau points out, if the distribu- 
tion of response latencies simply 
“slides” through the region fnter- 
mediate between the two which 


define CRs, there should be a greater ` 


level of responding in the intermediate 
latency range for the experimental 
groups following the interstimulus 
interval shift than is exhibited by the 
control groups for the corresponding 


` to trials, F (9, 252) = 


UCS INTENSELY AND THE 


trials. Moreover, as trialsv€ 
the initial increase in intet 
responding should sbe- follo ed by a 
decrease as the latency first enters 
and then leaves the intermediate 
region. The trial effect for the experi- 
mental groups is significant at the 
.001 level, F (9, 504) = 6.16. A sepa- 
rate analysis of variance of the inter- 
mediate CRs of the two 1.0 control 
groups revealed no significant effect 
of trials, F (9,252) <1, or UCS 
intensity, F (1, 28) < 1. Another 
analysis of variance was performed 
on the intermediate CRs of the high- 
high experimental group a 
high-control group to determine 
Whether the former group, although 
inferior in level of intermediate CRs 
to the low UCS intensity experimental 
groups, displayed a higher level of 
responding than the unshifted latter 
group, i.e., to assess the effect of inter- 
stimulus interval shift, per se. No 
significant difference attributable to 
UCS intensity, F (1, 28) = 1.76, or 
1.90, was found. 


A parallel comparison of the low-low 
experimental group and the 1.0-low- 
control group revealed highly signifi- 
cant differences for UCS intensity, 
F (1,28) = 11.38, and for trials, F 
(9, 252) = 2.79. Each of these 

ratios is significant at the .005 level. 


DISCUSSION 
The results of this study indicate we 
Under certain conditions, CRs unl 
under a lengthened interstimulus interva 


are not independent of those conditione 
timulus interval. 


t such an 


ent picture with 
olving à weak 
timulus inter- 


. UCS in the original inters 
se it would seem 


nd the 1.0- — 
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that the response latency gradually 
shifts from its original value to one 
appropriate to the lengthened interval. 
This finding would support the results 
of Rodnick (1937). 

While it is true that Boneau, using a 
lower UCS intensity than that employed 
in this study, found no significant differ- 
ence in the intermediate CRs of his 
.5-1.0 shift group and his 1.0 control 
the former group did respond at a 


group, 
consistently higher level than the latter 
group, there being no overlap between 


the two groups. It is possible, therefore, 
that a Type II error may have been 
committed. 
There is, of course, the possibility 
that these discrepant results stem from 
some procedural difference in the two 
studies. Boneau used a .5-psi air puff; 
this study employed a 1.0 psi air puff 
for the low UCS intensity. Thirteen 
of the 77 Ss in Boneau's study were 
discarded because they failed to give 
five or more UCRs, presumably due to 
the weak air puff. Perhaps the weak 
air puff resulted in little or no condition- 
ing in some Ss which attenuated the 
effects reported. Some support for this 
„interpretation is found in the fact that 
asymptotic performance for the .5 CS- 
UCS interval in Boneau's study is 
unusually low, being less than 40% 
CRs. There is also, of course, the possi- 
bility that the effect is related to UCS 
intensity in a nonmonotonic fashion. 
Another procedural difference involves 
he activities of Ss during conditioning. 
Boneau's Ss were conditioned under 
fairly rigid conditions, i.e., they assumed 
a standard position with head placed on 
a chin rest, etc., while Ss in this experi- 
ment were allowed to read magazines 
and to have much greater freedom of 
movement. Also, the CS in this study 
was a tone rather than the visual CS 
used by Boneau, since the latter did not 
seem as effective a stimulus as an audi- 
tory one in that it distracted reading. 
There is an interpretation which 
would completely support Boneau's re- 
sults. If the latency of the eyelid re- 
sponse distributes itself normally around 
the mean latency, then during condi- 
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tioning the more extreme deviants from 
the mean, i.e., the longest latencies, 
would be ‘‘cut off" by the presentation 
of the UCS. Upon lengthening of the 
CS-UCS interval, these “latent” la- 
tencies would make their appearance as 
intermediate CRs. One possible expla- 
nation for the relative absence of these 
intermediate CRs in groups initially 
conditioned with a high UCS intensity 
may be related to the results of Gor- 
mezano and Moore (1962). These 
investigators found that the latency of 
the eyelid CR decreased as UCS intensity 
increased. If this finding reflects a 
shifting of the distribution of CR 
latencies without any appreciable change 
in dispersion, as postulated by Spence 
(1956), it would account for the differ- 
ential performance of high and low UCS 
intensity groups, since most of the eyelid 
latencies would fall within the CS-UCS 


interval for the group conditioned with 
the high UCS intensity, 
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EFFECT OF UCS STRENGTH ON GSR CONDITIONING: 
A WITHIN-SUBJECT DESIGN ! 


DELOS D. WICKENS anp GORDON B. HARDING 
Ohio State University 


Using a within-S design, 20 Ss had one CS (light or tone) associated 
with a strong UCS (2.5-ma. shock) for 10 trials, and the other CS (tone 
or light) associated with a weaker UCS of 1.5 ma. The interstimulus 
interval was 1 sec. and the response measured was the GSR. The data 
during training and extinction indicate a clear superiority of the strong 
over the weak UCS-associated CS. The results are contrasted with a 
comparable between-S design where differences failed to reach signifi- 
cance, and the use of a within-S design for the GSR is recommended 


whenever possible. 


Although there is a rather large 
amount of evidence which indicates 
that there is a positive relation- 
ship between UCS intensity and the 
amount of eyelid conditioning (Ross 
& Hunter, 1959), Wickens, Allen, and 
Hill (1963) failed to obtain statistical 
support for any relationship between 
conditioned response magnitude and 
UCS strength in GSR conditioning. 
The procedure of that experiment 
employed a between-S design, wherein 
the CS was associated with a 2.5-ma. 
shock for one group and a 1.0-ma. 
shock for the other. With 40 Ss in 
each group the difference, though 
favoring the strong shock group, 
reached a two-tailed significance level 
of only .16. 

The general problem of the meas- 
urement of stimulus-intensity effects 
in the between- and within-S design 
has been considered by Grice and 
Hunter (1964), and they present con- 
siderable evidence to the effect that 
minor differences obtained in a be- 
tween-§ design are magnified in the 
Within-S procedure. Support for this 
Position with respect to CS strength 
is found in the work of Beck (1963). 

€ present experiment was Con- 
Sci. This research was supported by National 

ience Foundation Grant G19606 to the 


Senior author, 


ducted in order to evaluate the effect 
of UCS intensity in GSR conditioning 
using the within-S design. 


METHOD 


Subjects —A total of 32 Ss was run, 12 
being rejected, 3 because of E errors, 4 because 
of failure to condition, and 5 because of base 
levels above 100,000 ohms. Therefore 20 Ss 
were used in the final analysis. 

Apparatus.—The type of apparatus used 
has been described in detail elsewhere 
(Wickens et al., 1963). It consisted of a Fels 
dermohmmeter for recording the response, 
Tektronix equipment for timing, an Applegate 
(Model 350) shock supply, an oscillator, and a 
light source. The S and E were in adjacent 
rooms, S’s room being dimly illuminated and 
quiet. 

Procedure.—Two conditioned stimuli were 
employed, a 1,000-cps tone of 55 db. re 
0002 dyne/cm? and a light equated with the 
tone in perceived intensity. One of these was 
associated with a 1.0-ma. shock or UCS, the 
other with a 2.5-ma. shock. Ten Ss ex- 
perienced the strong UCS with the tone and 
the light with the weak and 10 experienced the 
reversed pairing. The interstimulus interval 
was 1,000 msec., the CS terminating simul- 
taneously with the 100-msec. shock. 

Following directions which informed S that 
one stimulus was going to be associated with a 
stronger shock than the other (though the 
modality was not identified) S was given 
three shocks alone of 1.5, 1.7, and 1.9 ma. 
Conditioning was then begun, and 10 trials 
were given to each CS-UCS pair. In the 
instance of the strong UCS the value was 
increased in successive trials in .2-ma, steps 
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TABLE 1 


Means AND SDs IN Loc CONDUCTANCE UNITS FOR THE REINFORCED, 
NONREINFORCED, AND EXTINCTION TRIALS 


CS + UCS Training Extinction 
Trials 
Strong Weak Strong Weak Strong Weak 
t M 2.60 2.53 2.36 2:1 1.86 1.57 
c 429 34 A3 -60 18 .82 
2 M 2.53 2.41 2.16 1.99 1.74 1.55 
o 35 39 74 81 71 .85 
3 M 2.51 243 2.00 1.56 1.60 1.41 
c .39 46 Df .98 .96 -93 
4 M 2.39 2.17 
c AT .69 
5 M 2.27 2.10 
o AT -63 


from 2.1 on the first trial to 2.5, at which 
value it remained. 


Each CS alone was presented three times 
during the sequence of the 20 reinforced trials, 
and the experiment was terminated with 6 
extinction trials, 3 to each CS. Order of 
testing to the CS associated with the weak 
or strong UCS was counterbalanced. The 
intertrial intervals ranged from 30 to 60 sec., 
with a 45-sec. interval preceding each CS test 
during acquisition and a 30, 45, and 60 
interval being used for the 3 extinction trials 
to each stimulus. 

The raw resistance data were recorded and 
converted to log conductance scores by the 
method and transformation described else- 
where (Wickens et al., 1963). 


RESULTS 


Table 1 presents the means and c's 
for the data of the experiment. The 
sets of scores under the CS + UCS 
column represent the mean of the two 
adjacent reinforced trials of the in- 
dicated UCS value. Examination of 
this table shows that the magnitude of 
response to the weak stimulus is less 
than that to the strong in every pair, 
and also that there was a progressive 
decrement in response across trials un- 
der all conditions. A Trials X Group 
analysis of variance conducted on 
each set of data obtained the following 


results: 


1. For the CS -- UCS data, the 
effects of Intensity, F (1, 16) — 13.89, 
and of Trials, F (4, 64) — 8.86, were 
significant at the .01 level. There was 
also an Intensity X Trials interaction 
which was significant at the .05 level, 
F(4,64) — 2.60. This interaction 
results from the somewhat steeper 
decline of response magnitude across 
trials for the weak compared with the 
strong stimulus. 

2. For responses to the CS alone 
during training, the effect of Trials 
was significant at the .01 level, 
F(2,32) — 14.42, and that of In- 
tensity at the .05 level, F (1,16) 
— 6.12. No interaction or other 
effects approached the .05 level. 

3. For responses during extinction, 
the effect of Intensity was significant 
at the .05 level, F (1, 16) — 6.36, as 
was the effect of order, F (1,16) 
= 5.21. The difference involving the 
order term arose as a result of the high 
level of performance and high resist- 
ance to extinction of the group tested 
to the conditioned stimuli in the order 
WSSWSW as opposed to the reverse 
order. The reason for the difference is 
not at all apparent and it seems likely 
that it should be attributed to chance. 
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DISCUSSION 


The results of the experiment very 
clearly demonstrate that the magnitude 
of the conditioned response is a function 
of ucs magnitude in GSR conditioning. 
It is apparent that the performance 
difference produced by the two condi- 
tioned stimuli cannot be attributed to a 
difference in drive since such a difference 
could not obtain in the within-S design. 

Grice and Hunter (1964) have found 
that the within-S design produced a 
greater differential in mean response 
magnitude for CS intensity than did a 
between-S design, but it is also obvious 
that the error term would be smaller for 
the within-S design. It is pertinent to 
ask which of these variables is responsible 
for the higher level of confidence obtained 
In this experiment than in the Wickens, 
Allen, and Hill study. Because the 

iflerences in procedure in the two 
experiments involve more than a within- 
and between-S design the comparison 
between the experiments is only sugges- 
tive and cannot be made for all measures. 

At one point in the two experiments 
the mean difference in response to the 
Weak and strong CS is almost identical, 


and this is for the last two reinforced 
trials, The difference between the means 
99% the size 


for the within-S design is 
of difference between the means in the 

etween-S design, but the within-5 
error term is only 62% of the between- 
S error term. The fact that 2 p 
is obtained in one insta 
> p > .05 in the other can 
clearly to the smaller error term. 
is, in addition, some hint that the within- 


design ter mean i 
roduces a greate 
gn produ grea n the between- 


ence, for during extincto qo 
à Weak stimulus mean 1$ % 0 
one stimulus, while it 15 ; 
trong stimulus in the within- 
Owever, it would appear t 
Major factor responsible for the increase 


Sensitivity of the within-S design ^ the 
reduction in the size of the error term. 

t seems to the writers that eic 
in research with the GSR is usu? y 


hampered by a large error term arising 


from the wide range in base level found 
in the population and from the fact 
that the usual transformations of the 
response do not achieve complete inde- 
pendence of base level. By eliminating 
this source of variance, the within-S 
design in GSR research achieves a very 
considerable gain in efficiency. In the 
present experiment, for example, it is 
quite probable that stimulus generaliza- 
tion should have served to diminish 
the difference in response to the two 
CSs, and this could not occur in the 
between-S design. Despite this pos- 
sibility, the within-S design produces 
more definitive results. 

At the level of conditioning theory, 
this experiment may be used to support 
the view (Spence, 1956) that in classical 
conditioning the effect of UCS strength 
operates upon the intervening variable 
of habit (H), rather than upon another 
variable such as K which is used to 
handle incentive variations in instru- 
mental learning. Another way of stating 
this is to say that in classical condition- 
ing, because of its environmental sim- 
plicity, there is neither need nor justifi- 
cation to differentiate an intervening 
variable based on N from one based on 
incentive magnitude. 
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SHORT-TERM MEMORY UNDER WORK-LOAD STRESS! 


ROBERT SEIBEL, RICHARD E. CHRIST, axb WARREN H. TEICHNER 


University of Massachusetts 


Work-load stress was manipulated in terms of conditions which deter- 
mine informational input rate and internal processing rate as factors 
which produce a breakdown in performance as a result of overloading 


short-term memory. 


The results suggest that breakdown will not 


result from high input rates, but rather from high internal processing 


rates. 


Studies using information measures 
(e.g., Alluisi, Muller, & Fitts, 1957; 
Anderson & Fitts, 1958; Klemmer & 
Muller, 1953; Quastler, 1955) have 
shown that beyond some input rate, 
information transmission through .S 
decreases with further increases in 
input rate. Similar results hold for 
data described by percent correct 
(e.g., Teichner, 1963; Teichner, Reilly, 
& Sadler, 1961). The usual interpre- 
tation is that S’s capacity to accept 
and hold data in short-term memory 
has been exceeded; the decrease 
represents a resultant breakdown of 
performance. 

Both percentage and informational 
measures are relative measures in that 
both represent the degree to which 
S's R output is related to the stimulus 
input. Thus, neither reflects S's 
actual memory capacity. When the 
studies which have used these meas- 
ures are examined with regard to the 
absolute number of correctly reported 
items, a performance breakdown is 
not consistently suggested. Rather, 
the number correct reaches a limit and 
tends to remain at that limit regard- 
less of increases in input rate. Thus, 
either short-term memory has not yet 
really been studied at maximum 

1 This research was carried out under Con- 
tract N61339-1303, with the United States 
Naval Training Device Center, Port Wash- 
ington, New York. , "TS 

? Now at Pennsylvania State University, 


capacity or it cannot be overloaded. 
The present study attempted to test 
the first possibility and, assuming it 
to be demonstrable, to ask whether a 
breakdown in absolute performance 
could be prevented by sacrificing a 
portion of the input information. 
That is, will S report more correct 
items when there is less to be reported 
than when there is too much? 


EXPERIMENT I 
Method 


Abparatus.— Displays were projections of 
160 negative slides containing randomly 
selected and positioned letters described by 


Teichner (1963). e number of letters on a 
slide, defined as the "load," was 4, 5, 6, or 7. 
Forty slides were made for each load. In- 
struction slides, reading “Sth,” "Ath," “3rd,” 
"2nd," or “Ist” were also used. The Projec- 
tion screen was 12.5 ft. from S's eyes; the 
Projection area was 64 X 44 in.; the letters 
were L5 in. high, and the instruction char- 
acters were slightly more than 3 in. high. 
Slide exposures were regulated by a 
solenoid-operated shutter mounted immedi- 
ately in front of the lens of the projector. 
The changing of slides, exposure time, and 
interslide interval were controlled by a pre- 
punched paper tape coupled with a 2-sec. 
Pulser. The experimental room was in semi- 
darkness. The Ss sat at an IBM card punch 
and "keyed" their responses to each in- 
dividual slide on separate IBM cards. The 
Prepunched paper tape also controlled the 
IBM key punch, automatically changing 
cards, and automatically locking and unlock- 
ing the keyboard, thus controlling the time 
allowed for a report. 
Subjects.—Six volunteer 


undergraduate 
Students were used as Ss. 


All six had demon- 
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strated an ability of 35 net wpm ona standard 
typewriter and all had served in at least one 
similar type of experiment in the past. They 
were paid by the hour and, in addition, com- 
pared for prizes of $10.00 and $5.00 for the 
ighest scores summed over all experimental 
conditions. 
gn E 40 slides of each load 
E e divided into eight 5-slide sequences. 
Zach slide was exposed for 2 sec., with 2 sec. 
between slides. Two seconds after a sequence 
of E slides an instruction slide was presented 
oem told S on which slide he was to report. 
For the Full Report (FR) condition Sreported 
on the "5th" (last one seen) slide first, then 
nc etc. until the last report was made on 
foc otele seen. Four seconds were allowed 
keying the report of each slide, with 2 
Sec. between reports. A 6-sec. waiting period 
followed the last reporting period before a new 
stimulus sequence started. For the Partial 
Report (PR) condition there was only one 
instruction slide and one reporting period 
Prior to the 6-sec. waiting period. The S was 
instructed to report on one of the middle 
three slides in the sequence, never the first 
Or last. Thus, a 5-slide sequence was 
followed by one of four report conditions, 
namely: (a) FR; (b) PR calling for Slide 2; 
(c) PR, Slide 3; and (d) PR, Slide 4. The 
Combination of a sequence of 5 slides plus 
One of the four report conditions will be 
referred to as a trial. 
_ There were 8 trials un. 
mm 2 per report condition, i 
oads, yielding 32 trials per experimenta 
Session. There were five such sessions. Order 
Was randomized within cach load condition, 


and independently for each session. There 
between load 


d at least 24 


der each load condi- 
and four different 


treatments within a session an 
ut not more than 48 hr. 
The Ss were randomly assigne! 
Stoups of three Ss each, and were run as a 
group whenever scheduling permitted. | One 
Eroup always received the four load conditions 
in ascending order within each session, an 
Vie other in descending order. 

, Prior to the main experimen 
ied two practice sessions wit 
E NES first one, and then two 
taj e, in five-slide sequences: 

ined near-perfect performance du 
Sessions. 


t all Ss were 
h slides con- 
letters per 
All Ss at- 
iring these 


Results 


" As the differences between groups 
Were inconsistent and always 1.0 
€tters per slide, the groups were 
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combined for analysis. Figure 1 
presents the mean number of cor- 
rectly reported letters per slide as a 
function of load for the FR and PR 
conditions. The straight, dashed 
lines represent perfect performance. 
The figure shows that for FR, per- 
formance decreased with the order of 
the slide reported. A reversal of this 
relationship is suggested at the fifth 
report. In no case did an FR curve 
increase and then decrease with in- 
creasing load. However, such a 
phenomenon is suggested for the PR 
at the second and fourth slides. 

An analysis of variance of the FR 
data on which Fig. 1 is based did not 
indicate that load had a significant 
main effect, F (3, 15) = 3.12. Thus, 
the FR curves in Fig. 1 can be treated 
as random deviations from the hori- 
zontal. The main effect of position 
in the five-slide sequence, F (4, 20) 
— 26.15, and the interaction of load 
and position, F (12, 60) — 7.36 were 
significant (^ < .01), the former sup- 
porting the decreasing trend across 
reports and the reversal on the last 
report shown in Fig. 1. The main 
effect of experimental sessions was 
also significant, F (4, 20) = 13.56 at 
p< 01. A plot of this effect showed 
a systematic increase in number 
correct of approximately .5 letters 
from the first to the last session. 
Nothing else reached significance at 
the .05 level except Load X Position 
X Session, F (48, 240) — 1.69. 

An analysis of variance of the PR 
data shown in Fig. 1 yielded a signifi- 
cant effect of load, F (3, 19) — 14.05 
and Load X Position, F (6, 30) = 3.81 
atp < .01. Position, F (2, 10) = 7.29 
and sessions, F (4, 20) = 3.89, were at 
p «05. No other effect was signifi- 
cant at p < .05. Thus, this analysis 
supports the PR load effect shown in 
Fig. 1 and suggests that whether or 
not a bow-shaped curve will be 
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Fic. 1. Mean number correct as a function of load and position for the Full and Partial Report conditions in Exp. I. 
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obtained depends on the position in 
the series reported. The sessions 
effect, when plotted, was similar to 
that for the FR condition. 

Figure 1 also suggests more cor- 
rectly reported letters for the PR than 
FR conditions at the fourth and 
second slides. An analysis of variance 
of this comparison supported this 
interpretation by yielding a significant 
(p < .01) main effect for the reporting 
condition, F (3, 15) = 11.09. 


EXPERIMENT II 


, Experiment II was designed to 
increase input load stress further by 
increasing the load per slide to a 
maximum of nine and by varying 
exposure time. Only FR conditions 
were used. Anticipating 2 perform- 
ance breakdown, blank slides were 
substituted for some of the lettered 
slides to test the hypothesis that a 
reduction in input below those levels 
which produce breakdown will lead to 
a net increment in the number of cor- 


rectly reported letters. 


Method 


Apparatus.—Additional slides were made, 
as required, to yield 90 slides for each of four 
load conditions, namely, six, seven, eight, and 
Nine letters per slide. Blank slides were made 
by photographing a bright, diffuse source; 
the projected image was uniformly dark gray- 

Subjects —The six experienced SS of 
Exp. I served as before. Each $ was run 
Individually. 
, Procedure.—The general procedure was as 
In Exp, I. There were 60 trials per session, 

aving four blocks of 15 for each of the four 

load conditions, with 10-min. rests between 
locks. The load conditions were always 

Siven in ascending order. he 75 slides for 
on block were a random sé 
redllable, and each 3 had a di 
om sai r each session. — . 

. Either pii or two blank slides were 
inserted in a five-slide sequence, and these 
three number-of-blanks conditions were com- 
ined with two exposure times (1 or 2 sec.) 

© yield six treatment combinations Each 

Of the six Ss was to take all six of these com- 
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binations according to a balanced Latin- 
square design in order to control for practice 
and first-order sequential effects. Blank 
slides were inserted only in the second, third, 
or fourth positions of the five-slide sequence, 
and position was randomized for each block of 
15 trials with the restriction that each position 


appear equally often. 
A 4-sec. reporting period was provided for 


each of the five slides in a trial, with 2 sec. 
between periods. For blank slides, S was 
instructed to wait during the appropriate 


reporting interval. 


Results 

The data of two Ss who did not 
complete all six sessions were dis- 
carded. Thus, exposure time and 
number-of-blanks effects are partially 
confounded with sequential-order ef- 
fects, but, assuming a linear practice 
effect for highly practiced Ss, remain 
balanced with respect: to practice 
effects when the data are collapsed 


across sessions. 
An analysis 0 
on the total numbe 
recalled per five- 
dicated that exposure 


f variance performed 
r of letters correctly 
slide sequence in- 
time was not 


significant, F (1, 3) = 491. The ef- 
fects of load, F (3, 9) = 32.05, number 
of blanks, F (2, 6) = 22.73, and the 


Load X Blanks interaction, F (6, 18) 
— 8.95, were significant, each at 
p < 01. The other interactions were 
not significant at the .05 level. 

Figure 2 presents the mean number 
correct per slide as a function of load 
with blanks and exposure time as 
parameters. The number correct in- 
creased as the load increased, es- 
pecially for the zero-blank condition. 
For each level of load, an increase in 
the total number of slides which 
actually contained letters led to an 
increase in the number correct. 


EXPERIMENT III 


f This experiment further increased 
input load stress by increasing the 
number of slides in the slide sequence 
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Fic. 2. Mean number Correct as a fun 
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(trial). In addition, Exp. III em- 
ployed naive Ss, 


Method 


Subjects.—Thirty students who had dem- 
onstrated a minimum typing speed of 35 net 
wpm were selected, They were paid by the 
hour and competed for cash awards for highest 
Scores. Each S ran individually. 

Procedures. Sequences of 


five, seven, and 
nine slides were used, 


Ten Ss, randomly 
ce, reported on all 
each trial, keying nothing 
"sponding to blank 
ank-slide conditions 
+ Each S responded 


i n Corresponding to the thr 
blank-slide conditions, were used, with order 
ced over Ss, E 


Zach 
ed of four sets of 3 
trials each for each of the four load conditi 


ons, 
with load conditions administered in 

ing order. Each one of the 3 trial 
sponded to one of the three possible Positions 
of blank slides, with order of trials independ- 
ently randomized for each combination of 


S corre- 


4 
q 
v d 


Pa — — One Blank 


— — Zero Blanks 


7-77- Two Blanks 


MEE tar cee ee ee 


8 9 
LOAD 


ction of load and exposure 
a parameter for Exp. II. 


variables, but the same f. 
each of the three length 


-of-sequence groups. 
ides were €Xposed for 1 sec, with 1 sec, 


between slides in a trial, Report periods were 
4 sec. for each slide with 1 sec. between 
periods, There were Test periods of about 2 
min. between successive load treatments and 
about 10 min. between Successive blank 
conditions. 

Prior to the main experiment. all Ss re- 
ceived three practice sessions with single 
slides, increasing in load as Practice pro- 
gressed. On the fourth session, just prior to 
the main experiment, each Was given 
experience with the length of sequence (and 


reporting procedure) to which he had been 
assigned. 


Results 


Allanalyses are in terms of the total 
number correct summed across the 
three-trial sets included 
bination of length, S, blank, and load. 

n analysis of variance indicated 
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= 6.15; load, F (3, 81) = 40.08 ; 
blanks, F (2, 54) = 15.37; Length 
X Load, F (6, 81) — 3.26; and Load 
X Blanks, F (6, 162) — 5.79. The 


Length X Blanks and the Length 
X Load X Blanks interactions were 
not significant at the .05 level. Figure 
3 depicts the results summed over the 
10 Ss in each group. As load in- 
creased and as length increased so did 
the total number of correctly reported 
letters. In general, as number of 
blank slides increased the total num- 
ber of correct letters decreased, but 
the effect was not as consistent as the 
other two main effects. The Length 
X Load interaction was primarily 
due to the more marked effect of 
load on the performance of the 
Length 9 group. The significant Load 
X Blanks interaction is not very 
orderly. 

AND CONCLUSIONS 


and naive Ss it 
the length ofa 


Discussion 


For both experienced 
Was found that increasing 


159 


series of slides, increasing the number of 
lettered slides per unit time, and increas- 
ing the number of letters per slide all 
led to an increase, or at least no marked 
decrease, in the total number of letters 
correctly reported when S was asked to 
make a full report of what he had been 
shown. For these conditions the results 
do not suggest that increases in input 
stress lead to breakdown. 

Performance with PR did break down 
at two of the three slide positions. Al- 
though both FR and PR groups were 
comparable in regard to stimulus input 
conditions, they did differ in regard to the 
time available for extracting the informa- 
tion to be reported. The FR group was 
allowed 4 sec. of reporting time per slide 
in the five-slide sequence, whereas the 
PR group was permitted 4 sec. for the 
one slide it had to report. However, 
since the PR group was not told which 
slide to report until all slides had been 
presented, the 4-sec. period had to be 
used both to scan all slides and to report 
the items on the directed slide. As a 
result the internal processing rate of the 
PR group was greater than that of the 
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° Experiment I 


e Experiment II, | sec. exposure, no blanks 
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Fic. 4. Comparison of actual perform 
based on chance alone. 


FR group. Thus, the results indicate 
that breakdowns are more likely to result 
from a high internal processing rate than 
from a high input rate, The failure of 


the PR group to exhibit a breakdown 
at the second 


but does not in 


error or, as su 
Load X Positi 
reflect a genuine 


series more rapidl 
positions. 

The expected number Correct for 
given load and for any 
of responses may b 
the hypergeometric distribution (Feller, 
1957). Figure 4 depicts the Comparison 
of actual number correct with the number 
expected correct by chance for Certain 
comparable conditions across the three 


any 
given number 
e calculated via 


A Experiment III, length 5, no blanks 
Actual performance 


6 7 
LOAD 


ance and predicted performance 


experiments. It may be seen that the 
four experienced Ss of Exp. I and II 
tended to emit many more responses per 
Slide than the naive Ss of Exp. III. 
These differences in number of responses 
account for the differences in the expected 
numbers correct, In general, perform. 
ance was above chance for all conditions, 
and exhibited a slight approach towards 
chance as load was increased. Thus, 
the data cannot be accounted for simply 
in terms of random guesses. The Ss 
actually stored Something in short-term 
memory. While the difference between 
actual number correct and chance num- 
er correct decreases slightly with in- 
creases in input work-load stress (load), 


there is no marked decrement which 
could be called breakdown. 
Actual 


as they could handle, 
the magnitude of work 
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asastressor. Assuming that Ss actually 
stored one letter (or two) which they 
were able to report correctly, and then 
guess the rest of the letters that they 
actually reported, it is possible to gener- 
ate, via the hypergeometric distribution, 
expected performance curves. Figure 5 
depicts the expected and actual per- 
formance curves for comparable condi- 
tions from each of the three experiments. 
The curves labeled K1 assume one letter 
correctly stored, and those labeled K2 
assume two letters correctly stored. 
Figure 5 shows that a filter plus chance 


guessed the rest of their 
The amount s 
Stant despite 
letters per slide. 


he performance of the experienced Ss 
of Exp. I and II differed. These Ss 
showed Systematic departures from the 
Predictions of the model. It is as if the 
amount accepted by these Ss Systemat- 
ically decreased with increasing load, 
and this amount was less overall for the 
Shorter exposure time. 
ofa filter-type model, the results overall 
Suggest a progressive narrowing of the 
filler with increases in load. 


responses. 
tored was relatively con- 


increasing numbers of 


On this 
basis, a performance breakdown would 
not be expected in terms of absolute 


measures of performance, but 


would 
relative 


measures as an 
elating a constant 


€ R output to an increasing 


stimulus input, 


LI 


In summary, the results of this study 
suggest that high input rates are ineffec- 
tive as work-load stressors because S 
limits the amount of information he will 
accept at any one time. On the other 
hand, the results suggest that the rate 
at which S must extract information from 
memory is a variable which at high 


levels results in a breakdown in per- 
formance. 
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TACHISTOSCOPIC RECOGNITION THRESHOLDS, 


PAIRED-ASSOCIATE LEARNING, AND 
FREE RECALL AS A FUNCTION OF 
ABSTRACTNESS-CONCRETENESS 
AND WORD FREQUENCY ! 


WILMA A. WINNICK anp KENNETH KRESSEL 


Queens College of the City University of New York 


Comparisons were made of tachistoscopic recognition, paired-associate 
learning, and free recall by manipulating the variables of word frequency 
and the degree of abstractness of English words in each of these ex- 
perimental situations. Concrete words were found to be more readily 
associated with nonsense syllables and to be better recalled than ab- 
stract words, but no such influence obtained for recognition thresholds. 


High-frequency 


associate learning, but had an unclear effect on free re 
d relationships, measures of the meaning- 


ct words of high and low frequency were 


to clarify some of the obtaine: 
fulness of concrete and abstra: 


determined. 
meaningfulness scores than 
relationship to meaningfulness 


Although the variables studied in 
tachistoscopic-recognition experiments 
have generally paralleled those that 
have proved effective in verbal learn- 
ing, there have been few instances of 
parametric comparison of word recog- 
nition and verbal learning. One such 
comparison is provided in the recent 
study by Gibson, Bishop, Schiff, and 
Smith (1964) which measured tachis- 
toscopic-recognition thresholds and 
two aspects of recall as a function of 
Meaningfulness and pronunciability 
of nonsense syllables. The present 
Study is a second experimental com- 
Parison, studying frequency of usage 
and degree of abstractness-concrete- 
ness of English words as the variables 
under scrutiny. 


was supported by an under- 
Sraduate research grant (No. 2T2-7311-03) 
of the National Institute of Health and by a 
rant from the Graduate Division of the City 
Jniversity of New York. The first three 
€xperiments were summarized in a paper 
delivered to the 1964 meetings of the Eastern 
Sychological Association. 


! This study 


Concrete words were found to have significantly 
abstract; frequency showed a positive 


for the concrete words only. 


words lowered thresholds and facilitated paired- 


call. In order 


higher 


Four experiments were undertaken 
to compare recognition thresholds, 
paired-associate learning, and free 
recall as they are influenced by these 
two variables. The first variable, 
word frequency, has been studied in a 
large number of learning and recogni- 
tion experiments, while abstractness- 
concreteness has been studied only in 
learning situations (Gorman, 1961; 
Stoke, 1929). It seemed possible that 
similarities or differences in the effect 
of these two variables on the experi- 
mental situations studied might aid 
in an analysis of the similarities or 
differences in the behaviors involved. 

The first experiment measured ta- 
chistoscopic thresholds for mixed ar- 
rangements of abstract and concrete 
words of high and low frequency. In 
the second experiment, the same 
words were paired with nonsense syl- 
lables for paired-associate learning. 
The third and fourth experiments 
studied free recall for these words by 
two slightly different methods. The 
fourth experiment also measured the 
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number of associations made to the 
four types of words in a 30-sec. time 
period. 


METHOD 


Subjects.—The first two experiments used 
as Ss undergraduate students drawn from a 
population of introductory psychology stu- 
dents required to participate in experiments. 
Experiments III and IV used as Ss classes in 
experimental psychology. All Ss were naive 
as to the purposes of the experiments, 

Materials.—The experimental materials, 
identical in all experiments, were chosen from 
Gorman's (1961) list of abstract and concrete 
nouns and consisted of 32 words; of these, 
16 were abstract, half of high and half of low 
frequency; 16 were concrete, half of high and 
half of low frequency. The abstract-concrete 
dichotomy was based on the empirical 2-point 

scale of Gorman (1961, p. 26). These words 
are shown in Table 1. For Exp. I and II, 
three lists were compiled of 16 words, four of 
each type; Lists 1 and 2 contained mutually 


TABLE 1 


32 WORDS USED IN THE FOUR EXPERIMENTS 


List 1 List 2 List 3 


Abstract High Frequency 


METHOD (AA) 
PRINCIPLE (A) 
BIRTHDAY (37) 
NONSENSE (19) 


OPINION (AA) 
LANGUAGE (A) 
GRATITUDE (22) 
EXISTENCE (45) 


LANGUAGE (A) 
PRINCIPLE (A) 
EXISTENCE (45) 
BIRTHDAY (37) 


Concrete High Frequency 


TEACHER (AA) 
FACTORY (A) 
CANDIDATE (45) 
BUTTERFLY (22) 


STREET (AA) 
HOSPITAL (A) 
BEDROOM (35) 
ADMIRAL (20) 


FACTORY (A) 
HOSPITAL (A) 
CANDIDATE (45) 
BEDROOM (35) 


Abstract Low Frequency 


APPROVAL (14) 

HEADACHE (10) 

OCCURRENCE (9) 
SATIRE (7) 


DIMENSION (10) 
IDLENESs (9) 
ANECDOTE (7) 
EPISODE (7) 


APPROVAL (14) 
IDLENEss (9) 
OCCURRENCE (9) 
EPISODE (7) 


Concrete Low Frequency 


VOLCANO (14) WATERFALL (10) 


VOLCAN 
ORCHESTRA (10) | CALCIUM (9) CALCIUM. &» 
UNDERBRUSH (8) | FILAMENT (7) UNDERBRUSH (8) 
CANYON (7) GELATIN (7) GELATIN (7) 


Note.—The number in parenth. 


esis is the Thorndike- 
Lorge frequency count, 


exclusive sets cf words; List 3 was composed 
of equal numbers of words in each category 
drawn from those of Lists 1 and 2, For Exp. 
II, the words, arranged by lists as described, 
were paired with nonsense syllables of 47% 
associative value (Glaze, 1928) to form 
nonsense-syllable word pairs for paired- 
associate learning. For Exp. III and IV, all 
32 words were presented to Ss, In Exp. III 
the words were printed on slides and projected 
to the group; in Exp. IV, a second group ex- 
periment, they were mimeographed on in- 
dividual sheets of paper 4$ X 53 in. and 
arranged in booklet form. 

Abpparatus.—For Exp. I, the words were 
typewritten in capital letters on cards for 
exposure in a Gerbrands tachistoscope. 
Experiment II Presented nonsense-syllable 
word pairs in a long-arm Lafayette memory 
drum. In Exp. IIT, a projection tachistoscope 
was used to project slides made from the 
words. For Exp. IV, the words were in- 
dividually presented on Separate pages of a 
booklet and instructions and timing were 
tape-recorded. 

Experimental design.—All experiments used 
a "mixed" arrangement of variables with 
three independent replications providing the 
sole "among" effect. In Exp. I and II, the 
three replications differed in lists learned and 
in Exp. III, in order of presentation of the 32 
words. In Exp. IV, order was varied across 
Ss within each replication, and replications 
were identical in all controllable respects, In 
all experiments, the dimensions of the 
terials—degree of abstractness-concreteness 
and word frequency—provided the “within” 
effects, all Ss learning or being exposed to all 
four types of words. i 

Procedure—In Exp. I, 
thresholds were me 
words of one list on 


sample words, Exposure int 


ma- 


ervals were begun 
-01-sec. intervals 
correctly on any 
utive, exposures. 
ve times at each 
exposure interval, Providing as the threshold 


osures required to 
reach two correct recognitions. Order of 


used by Spielberger and Denny (1963). 
In Exp. II, lists wi 


exposure of stimulus plus 


: nulu Tesponse item, and 
Sec. intertrial interval 


* For each list five 


A 
9 


LEARNING AND FREE RECALL RELATEL TO ABSTRACTNESS 


tion instructions were used, and learning was 
to a criterion of one errorless trial. 
Experiment III was carried out as a group 
experiment, with the 32 words printed on 
slides and presented by a projection tachisto- 
scope in three different orders for the three 
different groups. Exposure time was .10 
sec. with approximately 1 sec. between ex- 
posures. Immediately following presentation 
of the words, four successive free-recall tests 
were given. To prevent rehearsal, response 
sheets were used which consisted of a plastic 
cover topping two data sheets separated by a 
carbon; using a stylus, Ss wrote on these 
Sheets without being able to see what was 


written. 
Experiment IV was undertaken for two 


reasons; first, to determine whether the basis 
for the greater ease of associating concrete 
words with nonsense syllables was that such 
words of themselves have greater numbers of 
associations capable of mediating „the re- 
quired associations; secondly, to provide addi- 
tional data on reca!l with order varying across 
Ss. Accordingly, this was run as @ group 
experiment; words arranged in different order 
for each S were printed one to a page in 
booklet form. The booklets were presented 
face down to Ss, and they were instructed, 
by taped instructions, to turn over the booklet 
at the sound of the first buzzer and to write 
down as many associations as possible to the 
word on the first page, and at the sound of the 
next buzzer to turn the page and write 
associations to the next word, etc. The 
interval between buzzer signals was 30 a 
Following this, booklets were collected, an 

the recall sheets described under Exp. I l 
were passed out for a single recall test o 


3-min. duration. 


RESULTS 
from the four 


A lected 
The data collec weed jn Table 


experiments are summ 
2; shown here are the means for the 
individual replications in each experi- 
ment and the overall means obtained 
for each of the four types of words 
used. Analysis of variance enabled, 
within each experiment, comparisons 
of main effects and interactions with 
the appropriate within-groups error 
terms. 

Threshold values. 
threshold for abstract W 
ured in trials) was fo 


— The overall 
ords (meas- 
und to be 
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TABLE 2 


SUMMARY OF RESULTS OBTAINED FROM 
THE Four EXPERIMENTS 


Abstract Concrete 

Words Words 

High | Low | High| Low 

Exp. 1: Recognition I &6| 89] 84|101 
thresholds (trials to ir 02 RE 0 ESO 
criterion) B . 7.7 | 10.0 
M 96| 9:7] 89|104 

Exp. II: Paired-asso- I120|128| 9.7 | 10.3 
ciate learning (trials to | 1} 11-7] 14-8] 83 | 12.0 
criterion) M 12.0 | 13:0 | 8:9 | 10.8 
: i I 29| 28| 4.2] 3.6 

Exp. III: Immediate . 
recall (mean recall Oe AG aa SES 
score) M 24| 28| 3.6] $8 
I 76| 7.8] 9.6] 92 

Exp. IV: Mean number | II 9:6] 9.9 | 12.7 | 11.9 
of associations III 10.6 | 10.6 | 12.5 | 11.6 
M 93| 9.4| 11.6 | 10.9 

I 26| 27| 47| 41 

II 24| 2:8 | 29| 3.0 

Exp. IV IH 2.6] 3.1] 44| 3.0 
M 25| 29| 40| 34 


identical with the measure for con- 
crete words (9.65 for each). The 
values for low frequency were found 
to be greater than for high (10.05 and 
9.25, respectively). The analysis of 
variance showed this to be the sole 
significant effect in this experiment, 
F (1, 27) = 4.46, p < .05. The main 
contribution to this effect derived 
from the concrete words, in contrast 
with the abstract where the difference 
between low and high frequency was 
almost negligible. The Type X Fre- 
quency interaction was short of signifi- 
cance, however. 

Trials to learn paired associates. — 
The paired-associate learning data 
showed a clear influence of both 
variables studied, with concrete words 
and high-frequency words having the 
advantage. The analysis of variance 
showed the abstract-concrete dimen- 
sion to be significant at the .01 level, 
F (1,27) = 30.05, and word frequency 
at the .05 level, F (1, 27) = 6.64. 

Free recall following tachistoscopic 
projection of words.—The four succes- 
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sive recall scores for each type of word 
were averaged for individual Ss to 
form a single recall measure. The 
mean recall scores for the three 
replications (varying order), as shown 
in Table 2, show a clear effect of the 
abstract-concrete dimension, shown to 
be significant at the .01 level, F (1, 27) 
= 21.25, by analysis of variance. Al- 
though the main effect of frequency 
was not significant at an acceptable 
level, the interaction of frequency and 
replication was significant, F (2, 36) 
= 11.39, p < .01. Since order was 
varied in the three replications, this 
significant interaction indicates the 
possible effect of the ordering of words 
upon high- and low-frequency recall 
scores. 

Meaningfulness of words—Meas- 
ures of the number of written associa- 
tions to each of the stimulus words 
were made in the first part of Exp. IV; 
this measure corresponds operation- 
ally to Noble’s (1952) meaningfulness 
(m) concept. The numbers of asso- 
ciative responses were averaged for 
each type of word for each S; the 
means for the three replications and 
the overall means are shown in Table 

2. Analysis of variance showed the 
abstract-concrete dimension to havea 
highly significant effect, F (1, 27) 
= 87.22, 5 < .01, on the number of 
associations. The frequency effect 
was nonsignificant, but the interaction 


of the degree of abstractness and 
frequency was significant, F (1,27) 
= 2740, p < .01, 


with the frequency 
words contributing 
Pursuing further 


effect for concrete 
to this variance. 
this relationship, the product-moment 
correlation between the number of 
associations and the log frequency 
(L count) was found to be +.261, a 
value not significantly different from 
zero, ¢ (31) = 1.96. When correla- 
tions were carried out separately for 
abstract and concrete words, the 7 for 
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concrete words of .737 was found 
to be indicative of a significant positive 
relationship, ¢ (15) = 4.08, p= 01; 
the correlation for abstract words was 
close to zero (obtained r = .029). 
Free recall following association meas- 
urement.—]n order to study the effect 
of frequency on recall with order of 
words varying across Ss, a free-recall 
measure was taken following the 
measure of associations. Since in this 
experiment the measure of associa- 
tions had preceded the free-recall 
measure, these data cannot be directly 
compared with those of Exp. Ill, 
where free recall was the sole measure. 
The means for the three replications 
and overall mean scores are shown in 
Table 1. Again, the abstract-concrete 
dimension was shown by analysis of 
variance to be significant, F (1,27) 
= 14.7, p < .01, while the main effect 
of frequency showed no significance. 
Two interactions were found to be 
significant ; Abstractness-Concreteness 
X Frequency, F (1,27) = 6.6; p < .05, 
and the triple interaction, F (2, 27) 
= 7.4, p < 01. 


Discussion 


Two findings from these experiments 
seem worthy of further note. First, the 
degree of abstractness of words, although 
a highly effective variable in paired- 
associate learning, meaningfulness meas- 
urement, and free recall, was shown to 
have no effect upon tachistoscopic recog- 
nition. Secondly, the frequency of usage 
variable, found to be highly effective in 
tachistoscopic recognition and paired- 
associate learning, was shown to have 
an unclear effect on measures of meaning- 
fulness and on free recall. These con- 
trasts are suggestive of differences in the 
behaviors involved in each of these 
Situations. 
The degree of abstractness of words, 
found by Gorman (1961) to affect short- 
term recognition recall, exerted a strong 
influence in the present study on paired- 
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associate learning and free recall. View- 
ing differences in meaningfulness of 
abstract and concrete words as possibly 
basic to this finding, Exp. IV undertook 
to measure the relative meaningfulness 
of the four types of words used. That 
concrete words have a significantly 
greater number of associations than do 
abstract words suggests a greater avail- 
ability of mediational links, enabling 
these words to be more easily associated 
with the nonsense syllables, as in Exp. II, 
and to be more easily tied together for 
later recall as in Exp. II and IV. In 
contrast with these effects was the ab- 
sence of an effect of this variable on 
recognition thresholds. A similar lack of 
eflect of meaningfulness upon recognition 
thresholds has been reported in two 
Previous studies. Taylor (1958) found 
no effect on recognition thresholds of 
Meaningfulness of nonsense syllables, 
whether defined in accordance with 
Norms from the general population or 
defined by S's own experiences in asso- 
Clating syllables with pictures of mean- 
ingful objects. Similarly Gibson et al. 
(1964) found meaningful nonsense syl- 
lables (such as 1BM, NYU) to have higher 
recognition thresholds than meaningless 
but pronounceable syllables. 

The variable of word frequency had a 
Consistent effect on measurements of 
tachistoscopic recognition. and paired- 
associate learning, with high-frequency 
Words recognized more easily and learned 
More readily than low-frequency words. 

hat frequency of usage is a potent 
Variable for word recognition has been 
demonstrated in a number of previous 
Studies (Howes & Solomon, 1951; Mc- 

innies, Comer, & Lacey; 1952; Solomon 
& Postman, 1952; Taylor, Rosenfeldt, 
& Schulz, 1961). That high-frequency 
Words should be more easily associated 
With nonsense-syllable stimulus items 
than low-frequency words seems Con- 
Sistent with, for example, experimental 
results reported by Underwood and 
Schulz (1960). Adopting the two-stage 
View of paired-associate learning (Under- 
Wood, Runquist, & Schulz, 1959), it 
Might be of interest to determine whether 

© frequency effect acts upon the re- 


sponse-learning phase (high-frequency 
words having a greater probability of 
being encoded for future use) or upon the 
association phase (the greater meaning- 
fulness of high-frequency words pro- 
viding more mediating links). Evalua- 
tion of the relationship between fre- 
quency of usage and meaningfulness is 
relevant here. Cofer and Shevitz (1952) 
and Underwood and Schulz (1960) have 
presented evidence that a positive rela- 
tionship exists. The finding of a signifi- 
cant positive correlation between fre- 
quency of concrete words and their 
meaningfulness, coupled with a zero 
correlation for abstract words, indicates 
that the frequency-meaningfulness rela- 
tionship may vary as a function of other 
word characteristics. At the same time, 
the finding that the frequency-meaning- 
fulness relationship covaries with the 
abstract-concrete dimension allows for 
no clear evaluation of the relevance of 
the frequency variable to either of the 
two stages of paired-associate learning. 
The discrepancy between the strength 
of the frequency variable in paired- 
associate learning and its lack of a clear 
effect in free recall verifies Deese’s (1961) 
prediction that "many of the relation- 
ships holding in free recall will not be 
found in paired-associates learning . . . 
Ep. 271." That frequency did not exert 
a strong eflect in either of the two some- 
what different free-recall measures is not 
surprising in the light of previous studies 
of this relationship. Peters (1936), using 
a narrow range of frequencies, found no 
effect of frequency on recall scores. Hall 
(1954), reasoning that if there is a rela- 
tionship between perceptual thresholds 
and learning as measured by recall scores, 
then words of high frequency should be 
recalled better than words of low fre- 
quency, reported results indicating such 
to be the case. Similarly, Bousfield and 
Cohen (1955) and Murdock (1960) found 
high-frequency words to be recalled more 
easily than low-frequency words. On 
the other hand, Postman (1961) found 
no difference in short-term or long-term 
recall for high- and low-frequency words. 
Gorman (1961), measuring recognition 
memory for high- and low-frequency ab- 
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stract and concrete nouns, reported 
high-frequency nouns to be less well 
remembered than low-frequency. Dif- 
ferences in method of measuring recall 
(Gorman, for example, used recognition), 
instructions (Gorman's Ss were ap- 
parently unaware that they were to be 
tested), and other variables such as 
length of list make specification of the 
basis for obtained differences almost 
impossible. It is Deese's (1960) con- 
tention from his finding of a list-length- 
frequency interaction in free recall that 
ease of learning varies with interword 
associations—an important factor only 
with extremely high-frequency words and 
long lists. The relevance of interword 
associations to the free-recall measures 
in the present study could not be evalu- 
ated, since both Exp. III and Exp. IV 
measured recall for high- and low- 
frequency words in mixed lists, thus 
precluding a comparison of high- and 
low-frequency recall scores with the 
measure of interword association. 
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4 groups of 16 Ss each served in a paired-adjective learning experiment 
which combined factorially the variables of occurrence of response mem- 
bers (100% or 40%) and function (single or double). Significant 
differences in rate of learning were found as a function of these 2 vari- 
ables as well as the interaction between the 2. The 40% double- 
function condition (in which each item served as a stimulus in one pair 
and as a response in another) was found to be much more difficult than 
the other 3 conditions. Stage analyses indicated that considerable 
interference occurred in the double-function conditions after S-R asso- 
ciations had been formed. The results of the experiment were explained 


in terms of competing S-R and R-S associations. 


The learning of single-function (SF) 
and double-function (DF) paired- 
associate lists has been compared 
in several studies (Primoff, 1938; 
Umemoto & Hilgard, 1961; Young, 
1961). A DF paired-associate (PA) 
list is defined as one in which each 
Item serves both as a stimulus in one 
Dair and as a response in another. 
An SF, PA list is the more common one 
In which each item serves as a stimulus 
Cr response but not both. The 
Tesearch cited above has consistently 
found that learning a DF list is more 
difficult than learning an SF list. 

Explanations of the difficulty of DF 
earning have been advanced by each 
of the authors cited above. In 
Senera] the authors agree that 
through S-R and R-S, or "backward" 
€arning two different and competing 
associations are formed to each item 
M the list. The first association, 
Symbolized B.C, is the S-R associa- 
lon commonly assumed to be formed 

uring PA learning. The second 
TSSOciation, symbolized B-A, is the 
association. formed during the 
“arning of an A.B pair which inter-, 


Srs with the correct B-C association. © 
169 


Before the criterion of learning can 
be reached, the relative strength 
of the competing and incorrect B-A 
associations must be reduced through 
differential reinforcement. An experi- 
ment by Young and Jennings (1964) 
testing this competition-of-associa- 
tions hypothesis found that transfer 
was negative when measured from a 
DF list to a list which was composed 
of the same items but which was 
“flipped” over to form an R-S list. 
Relatively strong, and in the second 
list incorrect, B-C associations and 
relatively weak, and correct, B-A 
associations would be expected to 
produce the negative transfer ob- 
served by Young and Jennings. 
Within recent years, several studies 
using SF lists, e.g., Schulz and Run- 
quist, (1960) ; Goss, Nodine, Gregory, 
Taub, and Kennedy (1962), have 
investigated the influence of percent- 
age of occurrence of response mem- 
bers (% ORM) in PA learning. In 
these experiments the stimulus is pre- 
sented and then the correct response 
is presented a predetermined percent- 
age of the time. While difficulty of 
learning has been generally found to 
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Fic. 1. Mean trials to learn in each 
of the four conditions. 


be inversely related to % ORM, differ- 
ences in rate of learning between even 
the highest and lowest percentage of 
conditions have been found to be 
relatively small. 

The variables of % ORM and 
function, single and double, have been 
included in the design of the present 
experiment. A prediction about the 
influence of % ORM in DF learning, 
based on previous % ORM results, 
could be made in terms of differential 
response familiarization. From this 
point of view the differences between 

o ORM conditions obtained in SF 
learning should decrease in DF learn- 
ing. The reason for this is that re- 
response familiarization is directly 
related to % ORM in SF learning 
but the effect of this should be reduced 
considerably in DF learning since 
each response item appears every 
trial as a stimulus. 


METHOD 
Design —Two 95 ORM conditions (100%, 


and 40%) and two function conditions (SF 
and DF) were combined factorially. Within 
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each of these four conditions, two lists were 
constructed from each of two samples of items, 
yielding a 2 X 2 X2 X 2 factorial design. 
Each experimentally naive S learned a single 
list. A total of 64 Ss (N = 4 per group) from 
introductory psychology classes served in the 
experiment and were assigned to conditions 
in order of appearance according to a pre- 
determined random sequence. 

Materials and procedure.—Two sets of 10 
adjectives were taken from Melton and 
Safier's list (Hilgard, 1951). Similarity, both 
meaningful and formal, among all 20 items 
was as low as careful inspection would permit. 
Two SF lists of five pairs each were con- 
structed from each set of 10 adjectives with 
the restriction that the same five items serve 
as responses in the two lists within a set. 
From the five responses in each set two DF 
lists, also of five pairs each, were constructed. 

Each list was presented in 10 different 
orders to prevent serial learning. In the case 
of the 40% groups, two responses occurred 
per trial, and each response occurred twice 
within the two blocks of five trials. In the 
case of the DF lists, pairs containing the same 
items did not follow one another. 

Standard instructions for PA learning were 
given. In addition, Ss in the 40% groups 
were told that the response items would not 
always appear. All lists were presented ona 
Lafayette memory drum at a 2:2-sec. rate 
with a 4-sec. intertrial interval and were 
learned to a criterion of one perfect recitation. 
The Ss who failed to reach this criterion in 60 
trials were arbitrarily given a score of 61. 


Two Ss were dropped for failure to follow 
instructions. 


RESULTS 


Learning—The mean numbers of 
trials to learn the lists in each of the 
four conditions are presented in Fig. 1. 
The groups were found to have hetero- 
geneous variances (Finax = 352.21, 
k= 16, df =3, p< .05) but the 
data were not transformed. In the 
analysis of the data it was found that 
lists in the 100% conditions were 
learned faster than those in the 40% 
conditions, (1,48) =20.18, p<.001, 
and that lists in the SF conditions 
were learned faster than those in the 
DF conditions, F (1, 48) = 52.58, 
P < .001. These results agree with 


= et? 


FUNCTION AND RESPONSE OCCURRENCE 171 


the previously cited research. Finally, 
It was found that the interaction 
between the % ORM and function 
variables was significant, F (1, 48) 
= 11.09, p < .01. No other Fs were 
found to reach significance. 

_The apparent source of the sig- 
nificant interaction was the extreme 
difficulty of the lists in the 40% DF 
condition. The difficulty of these 
lists is also indicated by the fact that 
Six of the seven Ss who were unable 
to learn in 60 trials came from this 
condition. 

Stage analyses.—Underwood, Run- 
quist, and Schulz (1959) have sug- 
gested that list learning may be 
divided into two successive stages. 
The first, a response-learning stage, 
is measured by the number of trials 
before the response is first given. The 
Second, an associative or “hook-up” 
Stage, is measured by the difference 
between the trials on which the re- 
Sponse is first given and first given 
Correctly. 

Analyses of these two stages were 
Performed to provide additional in- 
formation about the extreme difficulty 
of the 40% DF condition. These 
data are presented in Fig. 2. In the 
analysis of the response-learning stage, 
there was no difference between SF 
and DF conditions, F (1, 48) = 2-48. 
There were differences as a function 
of % ORM, with responses being 
given sooner in the 100% conditions 
than in the 40% conditions, F 
(1, 48) = 9,83, p < .01. In addition, 
the interaction between % ORM 
and function was significant, F (1, 48) 
= 4.69, p< .05. The significance 
Of the interaction is attributable to 
the 100% DF condition in which 
responses were given earlier in learning 
than in the other three conditions. 

Ne obvious explanation of this 
Phenomenon is that there were fewer 


items to learn in the DF lists than 
in the SF lists. 

The second analysis was concerned 
with the associative stage. In con- 
trast to the first analysis, the % 
ORM variable was not significant 
(F — 2.63) while the function variable 
was, F (1, 48) = 10.94, p < .01. 
The associative stage took longer in 
the DF than in the SF conditions. In 
addition, the interaction between func- 
tion and 95 ORM was not significant 
(F « 1.00). 

Neither stage analysis reflects with 
any degree of accuracy the relative 
difficulty of the lists. We would 
then conclude that much of the list 
difficulty occurred after the associa- 
tive stage, as measured here, ended. 
For this reason an analysis of a third 
stage, a response-consolidation stage, 
was performed. The consolidation 
stage was defined as the difference be- 
tween the trial on which the response 
was first given correctly and the trial 
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on which it was last given incorrectly. 
This is, of course, similar to the 
oscillatory cycle described by Hull 
(McGeoch & Irion, 1952, p. 117). 

The data of the third analysis are 
also presented in Fig. 2. The results 
of this analysis indicate that function, 
% ORM, and the interaction between 
the two were significant, F (1, 48) 
= 61.07, 14.25, and 9.17, p < .01, 
respectively. The difference between 
the function conditions indicates that 
the consolidation stage took longer 
in the DF conditions than in the SF 
conditions. In addition, the analysis 
indicates that the 40% conditions 
yielded a longer consolidation stage 
than did the 100% conditions. Fi- 
nally, as was the case in the trials- 
to-earn data, the significant inter- 
action indicates that the consolidation 
stage takes longer in the 4095 DF 
condition than would be expected 
from knowledge of the other three 
groups. 

Both analyses of the associative and 
response-consolidation stages allow 
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Frc. 3. Mean errors per trial in each of the 
four conditions. (See text for a more com- 
plete description.) 
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for a possible bias resulting from the 
fact that there were fewer DF items 
than SF items. In the DF conditions 
Ss would have a higher probability 
of getting items correct by guessing 
than would Ss in the SF conditions. 
This should result in a reduction of 
the length of the associative stage 
and an increase in the length of the 
response-consolidation stage. Since 
the associative stage took longer in 
the DF than in the SF conditions, 
no reanalysis of the second stage is 
necessary. On the other hand, the 
response-consolidation stage took 
longer in the DF than in the SF condi- 
tions as would be predicted by the 
guessing bias. To control for this, 
the data were reanalyzed. The only 
difference between this and the first 
analysis of the third stage is that the 
consolidation stage in the DF condi- 
tions is defined as the difference be- 
tween the second correct response and 
the last incorrect response. The re- 
sults of this analysis are nearly iden- 
tical to the first with function, % 
ORM, and the interaction between 
the two being significant, F (1, 48) 
= 46.20, 13.26, and 8.27, p < .01, re- 
spectively. It does not appear that 
the results of the analysis of the 
response-consolidation stage are at- 
tributable to a bias in the data. 
Errors.—The mean overt errors per 
trial for the four conditions are pre- 
sented in Fig. 3. It can be seen that 
more errors per trial were made in the 
DF than in the SF conditions, with 
F (1, 48) = 54.01, p < .001, and that 
more errors per trial were made in the 
100% than in the 40% conditions, 
with F (1, 48) = 8.13, p < .01. This 
latter finding is in agreement with 
previous research (Schulz & Runquist, 
1960). No other F approached sig- 
nificance. 
An attempt was made to determine 
the relation which errors had to other 
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differences observed among the four 
conditions. The backward errors 
(incorrectly elicited B-A associations) 
per trial in the DF conditions were 
analyzed and no difference was found 
between the 100% and 40% condi- 
tions (F = 1.61. As a control, 
those errors in the SF conditions 
which would have been backward 
errors in the DF conditions were 
computed. More backward errors 
per trial were given in the DF condi- 
tions than in the SF conditions, with 
F (1, 48) = 58.21, <.001. As 
shown by a median test, the propor- 
tion of backward errors to total overt 
errors was greater in the DF condi- 
tions than in the SF conditions, 
X*(1) = 10.56, p < .01. 

Next, for each S, backward errors 
were subtracted from overt errors. 
This gives a measure of overt errors 
Other than backward errors and is 
also illustrated in Fig. 3. The results 
of the analysis of “other overt errors" 
indicated that errors again were 
directly related to % ORM, F 
(1, 48) = 17.83, p < .001, and that 
more errors were made in the DF than 
in the SF conditions, F (1,48) = 5.92, 
P< 205; 


Discussion 


The analysis of trials to learn en 


Previous research in that both 7% € 
and function were found to be variables 
related to rate of PA learning. In addi- 
tion, instead of reducing the difference 
between % ORM conditions as might be 
Expected from a response-familiarization 
interpretation, the difference between 
95 ORM conditions increased from SF to 


F learning. 

The hyp sihedis of competing B-C and 
B-A associations as proposed by Primoff 
(1938), Umemoto and Hilgard (1961), 
and Young (1961) to explain DF learning 
may be useful in interpreting the results 
9f the present experiment. The inter- 
ference hypothesis assumes that the 


strength of the B-C associations must 
be increased relative to the B-A asso- 
ciations before the learning criterion 
can be reached. When the B-C pair is 
presented, incorrect B-A associations 
would not be reinforced while correct 
B-C associations would be. Under the 
40% DF conditions B is presented but 
is not followed by C on 60% of the trials. 
Since both A and C are strongly asso- 
ciated to B, there is little if anything in 
the learning situation which would-argue 
for an increase in B-C strength relative 
to B-A on these trials. If differential 
reinforcement can occur in the DF condi- 
tions only when responses are presented, 
then the 100% conditions should be 
learned faster. A similar competition 
of associations does not occur in SF 
conditions, the difference between % 
ORM conditions should be less, and the 
observed interaction can be predicted 
from the hypothesis. 

The stage analyses are also consistent 
with the competition-of-associations hy- 
pothesis. In the present experiment the 
analyses of the first two stages should 
show relatively small differences across 
conditions while larger differences should 
appear during the third stage when S 
is assumed to have formed competing 
associations. The SF conditions should 
have relatively little interference, and 
as a consequence only a few trials should 
be spent in response consolidation. On 
the other hand, the DF conditions should 
have a great deal of interference, es- 
pecially the 40% condition in which 
extinction of interfering B-A associations 
is retarded, and response consolidation 
should take a large number of trials. 

Fewer errors per trial are given in the 
40% than in the 100% conditions, and 
these error data suggest that Ss restrict 
their guessing behavior in the 40% con- 
ditions to those responses which have 
relatively high associative strengths. 
If so, this would account for the absence 
of a difference in the backward-error 
data of the DF groups since this type 
of error is assumed to represent a strong 
interfering association. In addition, 
the 100% groups gave more “other overt 
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errors’ than did the 40% groups. If 
these “other overt errors" do not repre- 
sent strong incorrect associations, then 
these data also lend support to the notion 
that the 40% groups restrict their guess- 
ing behavior to relatively strong asso- 
ciations. 

As was the case with the stage analyses, 
the error data are also consistent with 
the interference hypothesis. The differ- 
ence between the SF and DF conditions 
appears to be largely attributable to 
backward errors occurring in the DF 
conditions. This, in turn, suggests that 
list difficulty in the DF conditions is 
attributable to interference between B-A 
and B-C associations in the response- 
consolidation stage. 

Neither the analyses of the first two 
stages nor the error analyses gave any 
indication of the extreme difficulty of the 
40% DF condition. This would not, 
however, be inconsistent with the hy- 
pothesis. Interference between B-A 
and B-C associations is assumed to begin 
with the formation of associations during 
the second stage and continue into the 
third stage. Thus, analyses of the first 
two stages should give relatively little 
indication of the difficulty of DF learning. 

Although backward errors per trial 
were elicited with a high frequency in 
both DF conditions, the absence of a 
difference between the 100% and 40% 
conditions suggests that interference 
during the third stage was high in both 
conditions. Under the 100% condition, 
when a backward error was given, the 
correct response was always presented 
immediately thereafter and differential 
reinforcement could then occur. Such 
was not the case in the 40% condition, 
and failure to present the Correct response 
might not only retard differential rein. 
forcement but might also allow the 
incorrect B-A association, when elicited, 
to increase in associative strength. 

That such an increase can occur when 
responses are not given is Suggested by 
PA learning studies by Mattocks (Under- 
wood & Schulz, 1960, pp. 272-278) and 
Postman (1964) in which Ss were required 
to supply their own responses, When 
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the correct response is not presented, 
incorrectly elicited B-A responses may 
similarly increase in response strength, 
but this cannot be determined from the 
available data. However, it is not crucial 
to the interpretation of the present 
experiment that the strengths of B-A 
associations increase, decrease, or remain 
the same. It is apparent that the DF 
conditions are extremely difficult. From 
the stage analyses it would appear that 
the source of difficulty in the DF lists 
is associated with the response-consolida- 
tionstage. From the error data it would 
appear that incorrect B-A associations 
formed by the start of the response- 
consolidation stage interfere with correct 
B-C associations. Finally, it would 
appear that failure to present the correct 
response in the 40% DF conditions 
retards differential reinforcement of B-A 
and B-C associations, possibly allowing 
an increase in the strength of the in- 
correct B-A association, and permits 


continuing competition between B-C 
and B-A associations. 
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POSITIONAL CUES AS MEDIATORS IN 
DISCRIMINATION LEARNING ! 


SHELDON M. EBENHOLTZ 


Connecticut College 


32 Ss each learned 2 lists of 8 paired associates. Stimuli were either 
horizontal lines (L) varying in length or gray patches (G) varying in 
reflectance. Responses were 8 CVC syllables. Half of the Ss learned 
in the order GL, the remaining Ss in the order LG. Ss were further 
distributed into random (R) and same (S) conditions depending upon 
the relative positions of responses on each stimulus dimension. Under 
Condition S response positions were the same on initial and transfer 
tasks, i.e., the syllable paired with the lightest gray was also paired with 
the shortest line, etc. Syllables were approximately 3 positions dis- 
placed under Condition R. Learning of the transfer lists was signifi- 
cantly faster under Condition S. Results indicate that positional cues 
mediate discrimination learning. It was suggested that common proc- 


esses determine serial-position effects of the present study and those 
typically obtained in serial learning. 


Position learning may be defined as 
learning to respond to members of an 
ordered set of stimuli in terms of 
their location with respect to the 
beginning and end of the series, 
Position is assumed to be a property 
of an item strictly by reason of its 
membership in an ordered set and is 
not a characteristic of items inde- 
pendent of series membership. 


Recent evidence (Ebenholtz, 1963a, 
1963b; Winnick & Dornbush, 1963; 
Young, 1962) has shown that position 
learning plays an important role in 
the serial anticipation of items in 
constant temporal order. In prin- 
ciple, however, the effects of positional 
cues should not be restricted to items 
in temporal series, but should apply 
to all dimensions which permit order- 
ing of the dimensional attribute as 
from least to most, beginning to end, 


1'This investigation was supported in part 
by Public Health Service Research rant 
MH07114-01, from the National Institute of 
Mental Health. 

The author is grateful to Jean Ebenholtz 
for her aid in the preparation of materials and 
to Barbara Brachman and Linda Foster for 
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etc. The present experiment tested 
the hypothesis that positional cues 
mediate discrimination learning with 
stimuli varying along one of two 


dimensions, i.e., reflectance and line 
length. 


METHOD 


Subjects and materials. —The Ss were 32 
undergraduates fulfilling a requirement of the 
introductory psychology course at Connecti- 
cut College. All were naive to the materials 
and purposes of the study. Each S learned 
in succession two eight-pair lists. One list 
contained stimuli made up of achromatic 
colors varying in reflectance from white to 


black. These were made up of 4-in. diameter. ^ 


patches having Munsell values of 1, 3.5, 4.6, 
5.5, 6.5, 7.5, 8, and 9. The second-list 
stimuli were horizontal lines drawn in black 
ink and having lengths of 3, 4, 14, 24, 23, 34, 
4, and 4 in., respectively. The selection of 
magnitudes was essentially arbitrary, the 
intention being to produce a moderately easy 
task. Both the Munsell patches and line 
lengths were presented on 3 X 5 in. white 
index cards. A three-letter nonsense syllable 
was typed approximately 1 in. below the 
stimulus on each card. The syllables, taken 
from the Glaze (1928) list, varied in associa- 
tion value from 80 to 100% and were chosen 
to minimize response similarity. The same 


set of eight syllables was used with both sets 
of stimuli, - 
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. Design.—Half of all Ss started with the 
line-syllable pairs (Group LG) and the re- 
maining Ss started on the gray-syllable list 
(Group GL). The position-learning hy- 
pothesis requires that those responses which 
occupy corresponding positions on both 
Stimulus continua should transfer more 
rapidly than responses which are displaced 
from their original locations. Accordingly, 
half of all Ss in each group were assigned to 
either Random (R) or Same (S) conditions 
depending upon the relative placement of the 
positions of the response terms across the two 
lists. There were thus four groups of eight 
Ss each. Assignment to each group was 
determined by the order of appearance of S 
at the laboratory and was made on an alter- 
nating basis in the order LGS, LGR, GLS, 
GLR, etc. Considering Groups LGS and 
GLS the relation between the initial and 
transfer lists may be represented as an A-B, 
A-B transfer paradigm providing the positions 
are regarded as the effective stimuli, By the 
same reasoning Groups LGR and GLR 
represent an interference paradigm, i.e., 
A-B, A-Br. On the other hand, if the stimulus 
is assumed to be specifically dependent upon 
nonserial characteristics, e.g., à given percent- 
age of reflectance, the appropriate transfer 
Paradigm would be A-B, C-B for all four 
groups, since line length and reflectance are 
dissimilar stimuli. 
Eight different sets of stimulus-syllable 
Pairings were formed so that each syllable 
appeared once as response member with each 
stimulus, There were thus eight different 
sets of eight gray-syllable combinations an 
eight sets of eight line syllablé pairs. Syl- 
lables were in this manner counterbalanced 
across stimuli. 
. Groups with response t 
ing locations on both lists 
formed by selecting lists suc 
to be associated with the lightest gray woul 
be paired with the shortest line length; the 
syllable paired with the next lightest gray was 
also paired with the next shortest line, etc. 
nder Cond. R transfer lists 
that response terms Wer" 
average of three positions 
Original location on the 
result of this procedure was ! i 
as a whole learned the identical sets of line 
Syllable and gray syllable pairs, but differed 
in the order of learning the lists (i.e., G to L 
9r L to G) and/or the particular first list— 
Second list combination (i-&» Cond. R or S). 


The anticipation method was used through- 
Out with a 3:3-presentation rate- Timing was 


erms at correspond- 
(i.e., Cond. S) were 
h that the syllable 


first list. 
that the groups 
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by metronome and the cards were presented 
manually. The presentation sequence was 
systematically varied on each of eight trials 
and then repeated. In addition, each S 
within each group started with a different 
stimulus sequence. In zo case was the 
stimulus sequence ordered from light to dark 
or small to large (or vice versa). Learning 
was to a criterion of eight correct responses 
on a single trial or 15 trials, whichever 
occurred first. Approximately 2 min. inter- 
vened between tasks. 


RESULTS 


Initial list.—Nonparametric analy- 
ses were undertaken because the cri- 
terion measures tended to be skewed. 
Mean errors per trial to discriminate 
the line stimuli averaged 3.98 and 
4.00 for Groups LGS and LGR, 
respectively. Median trials to cri- 
terion were 14.5 and 14.0. In both 
cases p > .05 by the Wilcoxon test 
with unpaired replicates (Wilcoxon, 
1949). Trials to criterion were also 
evaluated by the median test (Siegel, 
1956) which yielded p > .05. Two Ss 
in Group LGS and three in Group 
LGR failed to respond correctly 
to all eight items on à single trial 
within the 15-trial limit. 

The Ss discriminating between the 
various shades of gray in Groups 
GLS and GLR averaged 3.92 and 
4.06 errors per trial, respectively. 
The median trials to criterion was 
15.0 for both groups. Statistical 
analyses were made as indicated above 
and in no case did the groups differ 
significantly. Five Ss in Group GLS 
and six in Group GLR failed to give 
all eight responses on a single trial. 

Since Ss contributing to Cond. S 
and R were found not to differ on 
first-list performance, it was possible 
to compare the relative ease of learn- 
ing pairs containing lines and grays, 
respectively, as stimuli. Mean errors 
per trial for LGS and LGR combined 
were 3.99. This was also the com- 
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Fic. 1. Successive criteria as a function of median trials 
and transfer lists under Cond. S and R. 


bined average for GLS and GLR. 
The Wilcoxon test yielded p > .05. 
Trials to criterion were evaluated by 
the median test which was likewise 
not significant, p > .05. The number 
of Ss failing to respond correctly to all 
eight stimuli ona single trial was 5 and 
11 for lines and grays, respectively. 
There was thus some tendency for 
the former to be learned more rapidly. 

Transfer list (line stimuli) —Mean 
errors per trial were 1.67 and 2.98 for 
Groups GLS and GLR, respectively. 
The Wilcoxon test yielded signifi- 
cance, p < .02. Median trials to 


10 


MEAN ERRORS 


0 4 5 6 
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Fic. 2. Mean errors per position "m 
transfer task for Groups LGR, GLR, LGS, 
and GLS. 


for initial 


criterion were 4.5 under Cond. S 
and 12.5 under Cond. R; by median 
test p < .01. All eight Ss under 
Cond. S completed learning within 
15 trials whereas three Ss failed to 
complete learning under Cond. R. 

Transfer list (gray stimuli) —Groups 
LGS and LGR produced means of 
2.35 and 3.56 errors per trial, By the 
Wilcoxon test this was significant, 
P «.05. Median trials to criterion 
were 4.5 and 15.0 under Cond. S and 
R, respectively. The median test 
yielded significance, p «.05. One S 
failed to complete learning under 
Cond. S whereas five Ss did not reach 
criterion under Cond. R. 

Figure 1 shows the rate of learning 
of initial and transfer lists. Successive 
criteria were plotted as a function of 
the median trial at which each cri- 
terion was attained. A score of 15 
was assigned wherever S failed to 
achieve a given criterion. Learning 
of the second list under Cond. S 
was decidedly more rapid than under 
Cond. R, with the greater differences 
occurring late in learning. 

Serial-bosition effects—In Fig. 2 
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are plotted mean errors as a function 
of position on the corresponding 
stimulus continuum. For this purpose 
errors corresponding to the shortest 
line and the lightest gray were repre- 
sented at Position 1, those of the 
darkest gray and longest line at 
Position 8, etc. Transfer lists only 
are represented in Fig. 2, however 
bow-shaped curves also occurred in 
the error distributions of the initial 
lists. 

The present design does not permit 
evaluation of absolute transfer; how- 
ever, the groups can be compared in 
relative terms. Relative transfer was 
defined as the difference in perform- 
ance (i.e., mean errors) between List 
1 and List 2 expressed as a percentage 
of List 1. List 1 and List 2 refer to 
the identical lists but learned by 
different Ss either as initial or transfer 
tasks, respectively. For example, 
transfer under Cond. S to the task 
involving line-length discrimination 
was based upon the differences in 
performance between Group LGS 
and Group GLS on List 1 and List 2, 
respectively, expressed as a percentage 
of the former. This procedure rests 
upon the assumption that Group 
GLS would have performed equiva- 
lently with Group LGS had each 
learned their respective lists in the 
Same order. The same assumption 
holds for the relation between Groups 
LGR and GLR. Percentage of transfer 
Over all eight positions combined was 
81.55 and 33.80 for line stimuli under 
Cond. S and R, respectively. The 
Corresponding values for transfer to 
the gray stimuli were 66.37 and 16.25. 
In each instance transfer was ap- 
Proximately 50% higher under Cond. 
S than Cond. R. 


Discussion 


ered only in the 
were 


Conditions S and R diff 
extent to which positional cues 


available to mediate acquisition of the 
transfer task. The relatively rapid 
mastery of the transfer lists under Cond. 
S for both lines and grays, clearly sup- 
ports the proposition that positional cues 
play a role in discrimination learning. 
This conclusion is consonant with the 
suggestion of Eriksen (1958) that “what 
S learns is not to recognize individual 
stimuli as such, but instead to establish 
a frame of reference for the series of 
stimuli as a whole [p. 358]." From 
the present view, in order to respond 
to position one must take account of 
the series as whole, particularly its 
boundaries. 

The finding of positional cues in 
discrimination learning permits no in- 
ference regarding the role of absolute 
nonserial stimulus properties. For the 
present, therefore, discrimination learn- 
ing with single-dimensioned stimulus 
material may best be analyzed by assum- 
ing a compound stimulus and by ap- 
proaching the problem from the point of 
view of stimulus selection (Underwood, 
1963). 

Considering the present experiment 


as an instance of perceptual learning, 
er to inquire as to whether 


specificity theory (Gibson & Gibson, 
1955) or association theory (Postman, 
1963) offers the more adequate inter- 
pretation of the present data. According 
to the former view, perceptual learning 
“consists of responding to variables of 
physical stimulation not previously re- 
sponded to [Gibson & Gibson, 1955, 
p. 34]" If the positions of stimuli 
relative to their end points are assumed 
to represent just such a variable of 
stimulation, then it follows that speci- 
fiity theory offers an appropriate ac- 
count of discrimination learning in the 
present context. Postman (1963) has 
stated an alternative view which relies 
heavily upon the notion of response- 
produced cues. According to this view, 
"perceptual learning consists of the 
elaboration and differentiation of re- 
sponses evoked by external stimulus 
patterns. Discrimination among a series 
of stimuli improves as the responses 
evoked by each member of the series 


it is in ord 
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become more specific and the response- 
produced cues more distinctive [p. 63]." 
In order to apply this interpretation to 
the present data it is necessary simply 
to identify position as a cue-producing 
response to which is associated the 
appropriate instrumental response, i.e., 
a nonsense syllable. It is necessary to 
add, however, that in order to account 
for the obtained differences in transfer 
the mediational response under question 
must also be assumed to possess all the 
ordinal and boundary characteristics of 
position specified at the outset. Other- 
wise it would be strictly fortuitous that 
two arbitrarily chosen sets of stimuli 
(e.g., lines and grays of Cond. S) come 
to elicit the identical sets of mediated 
responses. 

Itis clear that both association theory 
and specificity theory can encompass the 
Present data. The two views differ 
essentially in terms of the locus of the 
Position-learning Process. For specificity 
theory it is a variable of proximal stimu- 
lation whereas association theory would 
equate position learning with the acquisi- 
tion of special cue-producing responses 
having positional Properties. Although 
translations into the terminology of 
association and specificity theory may 
be made readily, it may prove more 
fruitful to consider these approaches as 
most relevant to instances of perceptual 
learning in which the use of positional 
cues is kept minimal. 

The occurrence of bow-shaped error 
distributions (e.g., Fig. 2) in the data 
of discrimination studies with single- 
dimensioned Stimuli has been aptly 
documented by Murdock (1960). From 


the Present view, his mathematical 
model is limited, 


approximations, 


on, the 


Tor at the mid- 
point(s) of the series, This is not, 


however, universally obtained. Second, 
Murdock's formulation refers Specifically 
to the distinctiveness of individual stimuli 
as the basis for the error distribu- 
tion. The present data and that of a 
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previous study (Ebenholtz, 1963a) sug- 
gest that it is the distinctiveness of 
positions which the stimuli occupy that 
is responsible for the bow-shaped curves 
and permits the deduction of transfer 
across dissimilar stimulus dimensions. 
This type of transfer cannot be inferred 
from the assumption that discrimination 
learning reflects the relative distinctive- 
ness of individual items. 

The interesting question concerning 
the relation. between stimulus distinc- 
tiveness and discrimination of position 
remains to be investigated. The two 
Processes are closely related in that if one 
cannot distinguish between two. items 
in terms of their absolute properties then, 
in all likelihood, their respective locations 
within a series must likewise be confused. 
On the other hand, there is the possibility 
that items that may easily be distin- 
guished on the basis of nonserial char- 
acteristics may fail to be discriminated 
within a series due to a difficulty in 
position discrimination. 

The most general implication to be 
drawn from the present study is that the 
view is supported that position learning 
is responsible for bow-shaped error 
distributions obtained both in serial- 
learningand discrimination-learning stud. 
ies. Indeed, available data suggest the 
general proposition that whenever S 
must discriminate on the basis of posi- 
tion along a given dimension, a bow. 
Shaped curve will result. 
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RELATIONSHIP BETWEEN LATENCY AND REMOTENESS 
IN PREFERENCE JUDGMENTS? 


MARSHALL G. GREENBERG? anp DAVID G. DOREN 


University of Minnesota. 


The relationship between response latency and the remoteness of an 
individual's ideal point in preference judgments was studied. 30 college 
students made pair-comparison preference judgments of shades of gray 
from light, medium, and dark ideal points effectively manipulated by 
instruction. Some relationship was found between the order in which 
the judgment tasks were presented and the ideal points adopted. The 
major findings indicated that as an individual's ideal point becomes 
more remote from a stimulus pair, his response latency decreases while 


the response probability remains relatively constant. 


The relevance of 


this finding for models of preference behavior and similarities judgments 


is briefly discussed. 


Recently Greenberg (1963) pre- 
sented three models for preference 
behavior formulated within the frame- 
work of Coombs’ (1964) unfolding 
technique. The unfolding technique 
conceives of both individuals and 
stimuli as represented by points on a 
unidimensional scale called a joint 
scale (J scale). It is assumed that 
when an individual is presented with 
a pair of stimulus alternatives and 
asked to state a preference, he com- 
pares their relative distances on the J 
scale from his ideal point and chooses 
the nearer alternative. Greenberg's 
models attempt to describe how these 
comparisons might be made and can 
be briefly summarized as follows: The 
absolute difference model states that 
the individual compares the two 
distances and the choice is mediated 
by their difference. The ratio model 
states that the choice is mediated by 
the ratio of the two distances, be- 
coming more difficult as their ratio 
approaches 1. The two-stage model 
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requires first that the individual 
decide whether the stimuli are uni- 
lateral (both on the same side of his 
ideal point) or bilateral (one on either 
side of his ideal point) to him. For 
a formal discussion of laterality see 
Coombs, Greenberg, and Zinnes (1961) 
or Coombs (1964). If the pair is a 
unilateral one, the individual simply 
decides which element of the pair 
possesses more or less of the attribute 
in question and, depending upon 
whether his ideal point is to the right 
or left of the pair, makes his choice 
accordingly. The model does not 
apply to bilateral pairs. 

If one assumes that choice latency 
is a monotonically increasing function 
of difficulty, these models may be 
tested by experimentally varying S’s 
ideal point with respect to unilateral 
stimulus pairs. The absolute dif- 
ference model implies no change in 
latency as the ideal point is moved 
away from a unilateral pair, while the 
ratio model implies an increase in 
latency, and the two-stage model a 
decrease (because the first stage is 
made easier, while the second stage 
remains constant in difficulty). An 
earlier pilot study employing only 
four Ss tended to support the two- 
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stage model over the other two 
(Greenberg, 1963). This report de- 
scribes a more comprehensive attempt 
to determine the relationship between 
response latency and the remoteness 
of the ideal point from a unilateral 
stimulus pair in a preference situation. 


METHOD 


Stimuli.—The stimuli were constructed 
from six Kodak flashed density filters, rated 
in equal intervals of .05 from .20 to .45, and 
labeled for convenience A (lightest) through 
F (darkest). Quarter-inch circles were fitte 
into two holes punched ł in. apart in rec- 
tangles of 5 mil Mylar, which were then 
mounted in 2 X 2 in. slide mounts. Two 
complete decks of 30 slides were constructed, 
so that one deck could be rerandomized while 
the other was being presented. 

Apparatus.—The stimuli were rear pro- 
jected by a Sawyers 500R slide projector onto 


an 18 x 24 in. frosted glass panel set in a 
wall 3 ft. above the floor level. he S was 
proximately 


seated in an adjoining room, appro; l 
30 in. Hom the € On a table directly in 
front of S and below the screen, a panel b 
mounted with two 1-in. push buttons. A 
small red warning light was also mouit 
in the panel between and above tie poat 
buttons. During the presentation © ce 
stimuli, the following sequence of ae oi 4 
place: The warning light came on for 1 sec. 
With the cessation of the warning light, e 
Alphax shutter mounted directly in front of 
the projector opened and a slide was pregato 

to S. In addition a “start” comman Ria 
sent to a Beckman 5230P timer Wit A 
response, the shutter closed, à s Lo 

mand was sent to the timer, and the la e s 
was printed out in hundredths of a secon d 
à Beckman 1453 printer. he S's rad A 
also advanced the next slide into poseen 
the projector, and opened an auxiliary AIP E 
Shutter mounted in front of a Viewles 


Projector which kept the screen illuminates 
etween presentations. After a p -— 
about 2 sec., the cycle e pe € 
att k of 30 slides, ¥ 
eT & sec. while E changed 
the slide cartridge. AM the stimuli ya 
Presented slightly out of focus. Lee — 
the dual purpose of eliminating té 
— 


* Density = 2 — logie% 


the : ni 
percentage of light tra 
filter, E 


T where 96 T is 
smitted by the 


edge around the patches of gray, and render- 
ing invisible any small specks of dust that 
might accumulate on the slide surfaces. 

Instructions.—The S was seated in front of 
the screen and was read the following in- 
structions. 


(Task B—Stimulus comparison) On the 
screen in front of you will appear two 
circular patches of gray. You are to choose 
that patch which appears to be the darker 
of the two. If it is the one on the left, push 
the button on the left down firmly. If it 
is the one on the right, push the button on 
the right down firmly. Rest your hands 
on the panel like this, (demonstrate) and 
push the buttons with your forefingers. 
Try to reflect your true opinion as accu- 
rately as possible, but having made your 
decision, respond as quickly as you can. 
Speed and accuracy are of equal importance 
in performing this task. The red light in 
the center of the panel will come on as a 
warning signal 1 sec. before each pair of 
gray patches is presented. Remember, you 
are to choose that patch which appears to 
be the darker of the two. Any questions? 
Okay. 

Each S was given a series of Task B trials, 
and was then read the instructions for the 
first of the three preference-judgment condi- 
tions, Light (L), Medium (M), Dark (D). 


(Task L, M, D—Preference) Okay, now 
your task will be somewhat different. This 
time you are to choose that patch of gray 
which you prefer as the better representative 
of a good light (medium, dark) gray. Try 
to reflect your true opinion as accurately as 
possible, but having made your decision, 
respond as quickly as you can. Remember, 
choose that patch which you prefer as the 
better representative of a good light 
(medium, dark) gray. Any questions? 
Okay. 

Design and procedure,— Thirty Ss were 
observed initially for two trials (60 presenta- 
tions) under the Task B instructions. This 
procedure allowed S to “warm up" and be- 
come accustomed to the range of stimuli. 
Following this, each S was observed for five 
trials under each task, L, M, D. The order of 
presentation of instructions was completely 
counterbalanced, five 5s being observed under 
each of the six possible permutations of the 
instructional conditions. The six groups so 
formed were labeled for convenience: I 
(LMD), I1 (DLM), III (MLD), IV (DML), 
V (LDM), VI (MDL). Five different permu- 
tations of the 30 stimuli were constructed, and 
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FEDCBA (16) 


EFDCBA (15) 


EDF CBA (14) 


FCBA (13) 
DECFBA (12) 


CE 

Me DCEFBA (11) 
DCEBFA (10) 

CD 

BE DEBFA (9) 
CDBEFA (8) 

AF 

BD CDBEAF (7) 


CBDAEF (5) 
BCDAEF (4) 


BCADEF (3) 


AC 


BACDEF (2) 
AB 


ABCDEF ( 1) 


Fic. 1. J scale with all midpoints 
and I-scale intervals, 


18 5 X 5 Latin squares were selected at ran- 
dom, 1 for each task within each of the six 
groups. Thus within each task, within each 
group, each S was presented the stimuli once 
in each of the five orders, and across the five 
Ss the stimuli were presented once in each 
order on any given trial. In the analysis, 
observations on corresponding left-right pairs 
(e.g., AF and FA) were combined, yielding 10 
observations for each pair for every S on all 
tasks. 

Subjects.—Thirty-four undergraduate psy- 
chology students were given credit toward 
their final grade for participating in this 
experiment. Two Ss were rejected for failure 
to follow instructions, and the data from two 
others could not be analyzed because of their 
many intransitivities. Because of the coun- 
terbalancing employed, the cells for these Ss 
were immediately replicated, and the total 
kept at 30, 


RESULTS AND DISCUSSION 


The first stage in the treatment of 
the data required the determination 
of each individual’s ranking of the 
stimuli in order of their nearness to 
his ideal point. This ranking repre- 
sents his preference ordering and is 
called the individual scale (1 scale). 
Itis based upon the number of times a 
stimulus was chosen in a pair compari- 
son over all replications within a 
given condition. The underlying J 
scale was assumed to be represented 
by the physical scale of percentage of 
light transmitted by the stimulus as 
shown in Fig. 1. The 15 midpoints 
between stimuli define a set of 16 I- 
scale intervals each of which has 
associated with it a unique preference 
ordering across the stimuli. These 
intervals are numbered for conven- 
ience of reference. 


The I scales for each experimental 
condition are presented in Table 1. 
Of the 90 I scales obtained, it can be 
seen that only 3 cannot be made to 
fit the qualitative J scale and only 7 
others fit the qualitative J scale but 
do not satisfy the metric on the scale. 

hus most of the Ss' ideal'points can 
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be readily located within a particu- 
lar I-scale interval under each experi- 
mental task. As expected, most of the 
I scales which do not fit the quantita- 
tive J scale occurred in the Medium 
Condition. This is because of the 
greater number of bilateral pairs and 
resultant greater degree of incon- 
Sistency on the part of Ss (Coombs, 
1958). Most of the Ss chose one 
ideal point near each end of the scale 
and one in the vicinity of C or D near 
the middle. A notable exception is 


S IV5 who employed an ideal point 
near A in every task condition. 

It is interesting to note the tend- 
ency for Groups I and V to choose 
ideal points in higher I-scale intervals 
under the Light condition than did 
the other groups. These two groups 
are the ones which received the Light 
condition first. It may be that the 
initial set of Task B trials tended to 
raise the adaptation level (see Helson, 
1959) of Ss in these groups, pulling 
their ideal points towards the darker 


TABLE 1 
I-ScALE INTERVALS AND TEST PAIRS FOR Eacu S 
ee memo | eia | Unas | Daed | diee Bnd) 
C 16 = 
1 1 b, = = 
4 4 16 
I i H ^ a 15.5 EF AB 
ag 4 5 8 16 EF AB 
5 1:5 x 16 = is 
C 1 8 15 EF, DE, DF AB 
I 2 1 12 i ER E 
I ) 
(DIM) 1 i 1 16 EF, DE, DF is 
5 2 10 8 = e 
5 16 EF, DE, DF AB 
1 i "a 16 EF, DE, DF E 
"t 3 1 8 16 E Ds AB 
NUI i 1 2 16 EF, DE, = 
3 1 10 16 — 1 
1 1 5 16 EF, DE, DF AB 
MET. i | É Jemo) = 
(DML) | j i 9 16 EF AB 
i] i D JEN 
la 1 4 70 15 EF AB 
x — a 
y A 1 60 16 EF, DE, DF AB 
CDM) | 1 ; 8 14 EF AB 
f 5 7Q 16 EF AB 
5 
p 4 15 EF, DE, DF os 
3 1 6 l  |ERDEDR| Z 
VI 2 1 : 1 E DEDE = 
(MDL) 3 1 2 Ho EE DE, DE = 
$ 1 8Q 1e EF, DE, DF AB 


*Ad l entry indicates that due to a tie an I scale may be viewed as falling on a mid- 
ecimal en 


Boing, i 
^ Q indicates I scale fits qualitative J scale. 
®PProximation. 

* X indicates I scale 


Preceding number indicates closest interval 


does not fit qualitative J scale. 
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TABLE 2 


MEAN LATENCIES IN MILLISECONDS FOR NEAR AND REMOTE 
IDEAL POINTS ON ALL TEsT PAIRS 


AB DE 


DF EF 
Group s 
mÊ | D |u| {m | L |u| {ÊM L |OrD| M L | (M-L) 
T 
2 
I 01 
3 |814|490| 324 1080| 779| 3 
(LMD)| 4 |928 | 640 | 288 2531|2468| 066 
5 


200| 771| 586 185| 866| 701 165 


1005| 861 144 


4 
g 
z 
& 
GoRO NGA 


1168 | 1151 017 


— 655 | 719 | —064 | 670 | 629 041 | 1036 | 958 078 
1 |846 |4s9| 387| 967|669| 298| 979| 636 | 343| 1032] 802| 230 
Ill 2 —|— — 806 | 648 158| 774| 509 265 894 156 138 
(MLD) 3 | 868 | 340 528 — 1115| 641 474 
4 |— |— | = | 630|509| 121| 578| 481 | 097| 567| 581| —017 
5 |771|564| 207 == e 
1 929 | 507 422| 927|942 | —015| 1171 | 661 510 | 1317 | 818 499 
2 — — = acties — a: —_ pasis di eem emi. — 
AL 3 — — — 1011 | 993 018 | 1063 | 852 211 | 1537 | 1501 036 
) 4 |663 | 549 114 — 859| 741 118 
5 = 

1 714 | 570 144| — — 797| 723 074 

2 — a 
apm 3 | 528 | 479 | 049 | 552 | 663 | -111| 567| 627 | -060| 665] 730| -065 
4 | 615 | 523 | 092) — 729 | 1156 | —427 
5 | 882 | 614 | 268 = 878 | 1013 | —135 
1|—|—| — | 862/735) 127| 876| 662| 214| 9611 769| 192 
vı |2 |—|— | — | 700} 615| 085} 646| 562 | 084| 728| 777| —049 
(b. 3|—|-— | — | 863/734 | 129| sas] 700 | 148] 1301) 897| 404 
à|—|—| — | 870/62 | 250| 977| 570 | 407 1237| 924| 313 
5 |739 | T14 | 025} 732| 561 | 171| 894| 649 | 245| 735| S78| 157 


end of the scale. This finding would 
be interesting to pursue in future 
research on preference behavior. 

The final two columns of Table 1 
list the critical stimulus pairs for 
each S from which data on the laten- 
cies of relatively near and remote ideal 
points were considered. These pairs 
were chosen as clearly unilateral to 
two ideal points which themselves 
were clearly distinct. Decisions as 
to which pairs could be considered 
unilateral were made by examining 
the fluctuations of each S's ideal 
points across replications within a 


condition, and by subjectively deter- 
mining his variability. Pairs were 
eliminated if either they appeared to 
be bilateral on some occasions, or if 
the two ideal-point distributions from 
which judgments would be compared 
appeared tooverlap. Clearly some Ss, 
because of the location or relative 
stability of their ideal points, provide 
more data relevant to the models 
under consideration than do others. 

For the test pairs at the dark end 
of the scale the mean preference 
latencies from the Medium (nearer 
ideal) and Light (further ideal) con- 


AN 


b. 


LATENCY AND REMOTENESS IN PREFERENCES 


ditions were compared and for the AB 
pair the latencies from the Medium 
and Dark conditions were compared. 
These latencies are presented in 
Table 2. 

Of the 62 possible comparisons, 
52 show a decrease and 10 show an 
increase in latency when the ideal 
point is more remote. A normal 
approximation to the binomial dis- 
tribution yields a critical ratio of 5.2 
for these data, p < 107°. 


. It appears quite clearly that, as an 
individual's ideal point becomes more 
remote from a pair of stimuli being judged, 
his response latency decreases. As- 
suming that this decrease in latency 
reflects a corresponding decrease in the 
difficulty of stating à preference, one is 
compelled to reject the absolute differ- 
ence and ratio models in favor of the 
two-stage model. 

One might, however, wish7to consider 
an alternative interpretation of these 
data. It could be argued that the de- 
creasing latencies result not from the 
decreasing difficulty of the decision, but 
from the lack of interest or concern in 
the discrimination when made from a 
remote ideal point. It might be that 
when an S is presented with two light 
grays such as A and B and is asked, 
Which do you prefer as the better 
dark gray?" he responds quickly not 
because the discrimination is easy, but 
because he is “uninvolved” since neither 
Stimulus is really à “good” dark gray- 
Such careless responding would certainly 
invalidate the results of this study. 
this explanation were 2 valid one and Ss 
Were increasingly careless when making 
discriminations from remote ideal points, 
it would be reflected in the probabilities, 
Which should reveal greater inconsistency 
With increasing remoteness. The data 
bens this experiment t 

one might like to test this 
9r two reasons: (a) pro 
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discrimination at all, particularly for 
the AB, DE, and DF pairs which were 
easily discriminable. However, some 
information is made available by pooling 
the data across Ss for each of the four 
test pairs. Among Ss for whom AB was 
a test pair, the proportions of correct 
judgments from the near and remote 
ideal points were .986 and .993, respec- 
tively. For the DE pair the correspond- 
ing values were .900 and .923, for DF 
they were .938 and .954, and for EF, 
.12] and .759. None of the differences 
between these proportions approaches 
statistical significance and all are slightly 
in the direction of more rather than less 
consistent responses from the remote 
ideal points. These data clearly negate 
the hypothesis that S was careless in 
making his choices under the remote 
conditions. 

This analysis of the probabilities, 
indicating relatively no change in the 
probability of a correct choice with 
increasing remoteness, is in agreement 
with a prediction of Luce’s (1961) model 
for similarities judgments. One need 
only map the notion of ideal point from 
preference models into the reference 
stimulus in similarities judgments to 
see the jsomorphism between these two 
types of judgment tasks. 

While supporting the two-stage model 
to some degree, the present research 
points to the following problem. It 
would seem that both probability and 
latency should be monotonically related, 
although in opposite directions, to the 
psychological construct of discrimina- 
tion difficulty. Yet in the present study, 
probability remains relatively constant 
while latency decreases with increasing 
remoteness of the reference or ideal 
point. 

Luce’s (1961) model employed prob- 
ability as a measure of discrimination 
difficulty while Greenberg (1963) used 
latency to measure the same variable. 
Our data indicate that either (a) prob- 
ability and latency do not measure the 
same type of difficulty or (b) latency, 
being more sensitive, reflects small 
differences in difficulty which probabili- 
ties are unable to detect. Further 
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research of a parametric nature is needed 
to determine the exact nature of the 
relationship between latencies and prob- 
abilities in both preference and simi- 
larities judgments under a variety of 
experimental conditions. 
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VISUOMOTOR ADAPTATION TO DISCORDANT 
EXAFFERENT STIMULATION 


I. P. HOWARD, B. CRASKE, axb W. B. TEMPLETON 
University of Durham, England 
Held and his co-workers claim that changes in the stimulation of recep- 


tors consequent upon self-produced movements (reafference) are essen- 
tial for the development of visuomotor coordination. Stimulation of 


receptors in an inact 
claimed not to lead 
suggested th. 
afferently. In the present ex; 
mirrors was moved towards S 
vision and touch (exafference) h 


adaptation of active pointing towards the real 


through displacing mirrors. 


Hein and Held (1962) have claimed 
that visuomotor adaptation to a 
displaced visual input can only occur 
under conditions where the self- 
Produced movements of S are ac- 
companied by a visual indication of 
the error of movement to a specified 
Visual target. Such stimulation of 
e€xteroceptors related to the motor 
outflow involved in  self-produced 
Movement has been termed "reaf- 
ference” by von Holst (1954). It is 
Contrasted with "exafferent" stimu- 
lation which is that stimulation 
Consequent only on events in the 
environment of O. Held and Hein 
(1958) found that passive movement 
of a seen hand which was displaced 
Y prisms, did not lead to any !mr 
Provement in the ability to point 
actively to that target. Active move- 
Ment led to a rapid improvement. 
_ Held's procedure provided very 
little exafferent information in the 
Passive condition. Indeed, in one 
Xperiment (Held & Bossom, 1961) 
th Were merely wheeled about, and 
erefore were exposed only to a 
Moving visual display seen through 
Prisms, There was nothing to indi- 
Cate to Ss that their visual world was 
'Splaced, They could not even see 


ive or passively moved animal (exafference) is 
to the development of visuomotor skills. It is 
at Held did not make any real effort to train his Ss ex- 
periment, a rod seen through displacing 
until it hit him. This discrepancy between 
as been found to lead to some significant 


position of targets seen 


their own bodies. Similarly the 
kittens which Held and Hein (1963) 
reared under passive conditions were 
n nothing to correlate with the 


give 
hich they 


moving visual display to w 
were exposed. 

In short, Held never really tried 
to teach his human or animal Ss 
exafferently; so that his conclusion 
that exafferent stimulation is inef- 
fective in the development of visuo- 
motor coordination is unwarranted. 

There are many ways in which 
exafferent stimulation may be used 
to indicate to an S the extent of any 
optical displacement introduced. For 
instance, S may be allowed to see 
bells which are ringing, or visible rods 
may come towards him and prod him, 
or he may be allowed a view of his 
own body, when he will "see" it in a 
different place to its "felt" position. 
Wallach, Kravitz, and  Lindauer 
(1963) have in fact demonstrated 
that such passive training does lead to 
somevisuomotoradaptation. Wooster 
(1923) also found that passive train- 
ing led to adaptation, and a study 
of the conditions of her experiment 
indicates that visual asymmetry was 
probably the cause of this learning. 
Held and Bossom deliberately pre- 
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Ov 
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2? ee aw 


OCCLUDER VISUAL AXIS 


4 


Pd 
FIXATION POINT ROD WITH PEA BULBS 


Fic. 1. Outline plan of the apparatus used in the study. 


vented their Ss from viewing their 
own body, without giving a good 
reason for this procedure. In any 
of these procedures, S must not be 
allowed to move actively. 

The present experiment is designed 
to test whether prodding a person 
with a rod seen in a displaced position 
leads to visuomotor adaptation. 


METHOD 


Figure 1 shows the layout of the apparatus. 
The optical device consisted of two parallel 
mirrors which displaced the light from objects 
2 in. to the left before it entered the left eye. 
Mirrors were used rather than prisms, be- 
cause they do not introduce any apparent 
curvature, tilt, or color fringes. The displace- 
ment is parallel rather than angular, which 
is essential for our purpose; with prismatic 
angular displacement the apparent displace- 
ment reduces to zero as the viewed object 
comes towards S. Mirrors have one dis- 
advantage: They lengthen the optical path 
and hence reduce the apparent size (or 
increase the apparent distance) of the visual 
target. This means that where a series of 
visual targets is used, as in our experiment, 
the apparent distance between the targets 
is distorted and visuomotor coordination 
will be disturbed accordingly. This dis- 
advantage was overcome by introducing a 
lens system which magnified the displaced 


TABLE 1 


MEAN ERROR IN INCHES or PorNTING AT 
TARGET OPTICALLY DISPLACED 2 IN. 
LATERALLY, BEFORE AND AFTER 
BEING TOUCHED AND Nor 
BEING Toucnep 


Not Being Touched | Being Touched 
B 1.94 rn 
Before 45 
After 1.88 st 
Adaptation | 0.06 0.64 


visual image to a size corresponding to its 
distance. 

The rod consisted of a rigid wooden bar, 
the first 14 in. of which had five pea bulbs 
countersunk into the top surface at intervals 
of 3$ in. The rod was mounted horizontally 
in the sagittal plane and could be mavek 
towards the center of S's lips. As er 
through the mirrors, however, it appearc A 
as if it would hit the face 2 in. to the left 0 
the mouth. Nothing could be seen but the 
lights on the rod and a stationary fixation 
point. The lights used as visual targets 
in the test condition were three fine 1-in. 
high light slits displaced 2 in. apart in the 
frontal plane at a distance of 17 in. from S. 
The center light was in .S's objective median 
plane. 

The S’s head was clamped in a headrest, 
the right eye was always occluded. 

Each of the 20 Ss (10 male, 10 female) 
were subjected to two conditions. 

In Cond. I, S was asked to look through 
the optical device and point to the target 
light. These appeared one at a time in 
random order, 20 times in all. The S was 
allowed to fixate the slit displayed, and the 
hand could not be seen, This initial test 
established the pretraining deviation of 
5's pointing in relation to the displaced visual 


targets. He was then told to remain still 
and to fixate a light just above the rod, 12 in. 
away. 


The rod was then moved from a dis- 
tance of 14 in. until it hit S on the lips. This 
Was repeated 20 times. The S was then 
immediately retested on the pointing task. 

In Cond. II, the same procedure was 
employed except that in the training, the 
rod did not quite touch S. The order of 
conditions was alternated over Ss with an 
interval of at least a 1 wk. between conditions. 


RxsuLTS 
The results are set out in Table 1. 
The “being-hit” training procedure 
Produced a significant mean change 
in pointing of 0.64 + 0.16 in. towards 
the actual position of the target lights, 
ie., about one third of the displace- 


l— À 5 


> 


S. 


ADAPTATION TO EXAFFERENT STIMULATION 


ment. This difference is significant, 
t (19) = 3.9, p < .001. 

The “not-being-hit’’ condition pro- 
duced no significant mean change in 
pointing. The size of the effect 
did not differ between sexes, nor 
between hands, though it tended to 
be larger for the right hand. Nor 
did the effect vary in size from the 
first to the last set of 10 judgments. 


DISCUSSION 


We have thus shown that discordant 


exafferent stimulation of an inactive O 
leads to some adaptation of pointing 
The 


towards displaced visual targets. 
effect could not have been due solely 
to the visually asymmetrical position 
of the rod, for this was present in Cond. 
II, where no adaptation occurred. The 
tactile stimulation was symmetrical, so 
that we had no need to have a control 
Condition where Ss were touched without 
being able to see the rod. Apparently 
all active movement was prevented, 
even convergence of the eyes. We were 
More careful in this respect than was 
Held in his “passive” conditions. We 
are forced to the conclusion therefore 
that discordant exafferent stimulation 
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which gives an S “information” regard- 
ing optical distortion, may lead to at 
least some visuomotor adaptation. 
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DISCRIMINABILITY AND SCALING OF LINEAR EXTENT! 


C. DOUGLAS CREELMAN 


University of Toronto 


as measured by 4 
3 of the techniques 


and a modification of the method 


of constant stimuli) yielded Psychophysical scales which were consistent 


The theory of signal detectability 
(TSD) has been shown to account 
for phenomena of simple visual dis- 
crimination (Swets, Tanner, & Bird- 
sall, 1961), auditory signal detec- 
tion (Licklider, speech dis- 
crimination (Egan, Clarke, & Car- 
terette, 1956), and taste sensitivity 
(Linker, Moore, & Galanter, 1964). 
Where traditional methods of analysis 
Showed sensory thresholds to change 
with experimental procedures, evi- 
dence has accumulated that detecta- 
bility remains constant if one takes 
into account motivation and expecta- 
tion, and their effects on the decision 
rules adopted by O which are inde- 
pendent of his sensitivity, 

The task in the present experiments 
was judgment of line length. This is 


a qualitatively different task from 


those studied previously; it enabled 


1 Most of this experiment was done under 
partial support of Contract No, NONR- 
248 (55) between the o 


flice of Nava] 
and the Johns Hopkj m omes 
completed under Contract No. NONR- 
4010(03), and this is Report No, 
that contract. Reproduction in 
part is permitted for any purpo 
United States Government, 

'The experiments were Carried out while 
the author was on United States Public 
Health Service Postdoctoral Fellowship, No, 
MH 12, 140 at the Johns Hopkins University. 


se of the 


easy manipulation to form different 
populations of alternative stimuli, 
while the stimuli were precisely speci- 
fied in physical terms. Recently 
Weintraub and Hake (1962) re- 
Ported results from a similar dis- 
crimination Problem, and an anal- 
Ysis using the framework of TSD. 
Their stimuli were rectangles, and 
they studied the ability to tell a 
rectangle from a square. Pairs of 
alternative stimuli led to the same 
measures of d’, the measure of 
detectability, when different response 
scales were used, and when extraneous 
stimuli were introduced, The aim 
of the experiments below was to 
extend and to test the TSD framework 
in a wide range of decision tasks. 


METHOD 


The general features of the experiments 
will be described below, and the differentiating 
features of each Procedure will be described 
separately, 

Stimuli —Horizontal lines about 3 mm. 
wide were printed on 3 X 5 in. white cards, 
A single line appeared on each card, centered 
in the vertical (3-in.) dimension, Lines were 
randomly varied in horizontal position so 
that O could not base his judgment of length 
on the relative Position of the end point 
of the line. 

Packs of 100 cards were made up for each 
experimenta] condition, and used throughout 
the experiment. The cards were placed after 
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shuffling in a wooden holder, and one card 
at a time was presented by removing the top 
card of the pack, uncovering the next in 
sequence. There was no time limitation on 
the judgments; as soon as O had responded 
the result was tabulated on electrical counters 
at the same time that the correct response 
information was given and the next card 
uncovered. 

The card holder was placed at the end of a 
long table, 70 in. from O. No attempt was 
made to fix O's head or to restrict movement. 
Fluorescent diffused ceiling lighting gave 
uniform illumination over the experimental 
room of 25 footcandles (ftc.). The reflected 
illumination from the cards in the holder, 
Which was at 70? with respect to the hori- 
zontal, was about 5 ftc. ; the table was painted 
à medium gray color. 

. Observers.— Three male student Os worked 
individually 1 hr. a day, 4 days per week. 
They were paid an hourly rate, plus a bonus 
computed on the basis of performance. The 
Os were deliberately chosen for disparity 
in visual ability. One was quite myopic, 
and wore thick corrective lenses throughout 
the experiments, another was slightly astig- 
matic and wore no correction, and the third 

ad normal vision. Absolute performance 
level was not the main interest in these 
experiments. The Os of differing ability were 
Used in an attempt to obtain generality of the 


. Telationships between different procedures, 


With the necessarily limited number of Os 


that could be handled. 

At least four training sessions preceded 
Collection of the data. The four experimental 
conditions were run concurrently. A pack 
Of cards for one set of conditions was selected 
randomly, 10-20 warm-up trials were given, 
and then the pack was gone though twice, 
with a short rest period in the middle, before 
another experimental condition was begun. 

e order of conditions was different for 


each 0, 
PROCEDURES AND RESULTS 


Method of single stimuli.—A pack 
Of stimulus cards consisted of 50 
lines of each of two lengths. The 
task was to state, for each presenta- 
tion, whether the line was the longer 
9r the shorter possible alternative. 

At least 800 observations Were 
Collected for each pairwise discrimina- 
tion for each O. The four-fold table 
Showing the frequency with which 


each response was given to each stim- 
ulus was used to compute percentages, 
which were taken as conditional 
probability estimates. A normal- 
curve table was used to estimate 
scale distance from the probability 
that the longer line would be cor- 
rectly called longer, and the prob- 
ability of a "false alarm," that the 
shorter line would lead to a response 
of longer. Normalized deviation scores 
for the two conditional probabilities 
were added to give the discrimin- 
ability between the two lines, d’. 
Discrimination was measured be- 
tween 6 cm. and lines longer by 1, 2, 3, 
and 4 mm. in separate card packs.* 
Likewise, packs of cards were made 
up for discrimination between 3 cm. 
and lines longer by 1, 2, and 3 mm. 
Not all the data could be collected, 
because in some instances perform- 
ance was not discriminably different 
from perfect, or 100% correct. Here 
an additive procedure was used (Creel- 
man, 1963) in which scale values are 
derived for larger stimulus differences 
by measuring successive differential 
discriminations and adding together 
the resultant scale values. Where 
this procedure was used, estimates 
of scale values based on at least two 
different differential measures were 
averaged where possible. 
Detectability scales for the three 
Os are shown in Fig. 1; points shown 
with asterisks were the results of 
additive scaling. The lines fitted 
to the data are least-square fits with 
the rather stringent restrictions that 
the lines go through the origin, and 
that for each O the line for discrimina- 


2 Throughout the paper, for ease of dis- 
cussion, these nominal line lengths will be 
used. „This is not the actual length, which is 
given in Table 4. The discrepancy is mostly 
due to the printer's proclivity to measure 
things in points, a unit of measure equal to 
1/72 of an inch. Lines were cut to th 
nearest ł point. i 
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Fic. 1. Detectability scales for three Os 


for a difference of AL from 3.0 and 6.0 cm. 
(Lines represent a least-squares fit for each O 
with only one free parameter.) 


tion from 3 cm. have twice the slope 
of that for discrimination from 6 cm. 
The resulting equations are shown 
on the graph for each Q. 
There are insufficient d 
conclude that Weber'g law holds in 
zeneral for linear discrimination. 
Many more base lengths than the 
wo used would be needed. The form 
f the empirical equations provides a 
ossibility for test, however. Note 
hat the equation d' — K(AL/L) is 
nore general than the usual statement 
f Weber's law AI/I = C, because 
he first statement predicts perform- 
nce rather than. stimulus values 


ata here to 


which yield some fixed level of per- 
formance. Substituting d^ — 1.4 into 
the performance equation (75% cor- 
rect responses) we obtain values for 
the Weber fraction for the three Os of 
-022, .029, and .050, respectively. 

Method of absolute judgment. —A 
pack of stimulus cards contained 
equal numbers of four possible line 
lengths, one with lines between 3.0 
and 3.3 cm. and the other with lines 
6.0 through 6.3 cm. The task was to 
specify on each trial which of the 
four possible line lengths was present, 
using the numerals 1-4. Each O 
went through each pack of cards at 
least 20 times, yielding 500 responses 
to each length. Feedback consisted 
of the correct response, which was 
given after each trial, and the data 
were tabulated in a 4 X 4 matrix 
showing the frequency with which 
each response had been given to each 
stimulus. These were treated by a 
procedure like that of Garner and 
Hake (1951). The stimulus-response, 
conditional-probability matrix was 
converted to equivalent standard 
Scores, and the average scale distance 
between each pair of stimuli was calcu- 
lated to yield scale values. 

Table 1 shows the confusion ma- 
trices which were the basis for the 
scaling procedure. There are two 
matrices for each O, one for the 
shorter and another for the longer 
stimulus set. The table shows some 
unusual end effects, Usually the 
extreme stimuli of a set are identified 
correctly more often than those in the 
middle. The top confusion matrices 
to the left of Table 1, for DP and TD, 
Show a reverse end effect. That is, 
Os correctly identified the middle 
two stimuli more often than they did 
the ends, Any interpretation in 
terms of anchors to which the judg- 
ments are referred will have difficulty 
with mixed data such as these. A 


re 
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more likely explanation is that Os, 
who had considerable sophistication 
after much practice in making judg- 
ments of line length, anticipated 
difficulty in discriminating the central 
members of the stimulus set, but 
overcompensated in setting their cri- 
teria, As we shall see, the differing 
criteria did not seem to change 
discriminability as measured by the 
scaling procedure. The proportion of 
correct responses is only part of the 
complete picture, and without the 
pattern of incorrect responses the 
question of whether discriminability 
is better at one place in the stimulus 
set relative to another is meaningless. 
The pattern of incorrect responses is 
taken into account in the detectability 
scaling analysis, the results of which 
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will be presented along with the 
results of the third experimental 
procedure. 

“Method of constant. stimuli.” — 
Quotation marks are used because 
there is no standard term for the 
procedure. The lines were of the 
same length as in the absolute-judg- 
ment problem, but the distribution 
was different and the response mode 
was changed. Within a pack of cards 
half the lines were "short," and the 
remainder were divided equally be- 
tween the three longer lines. Only 
two responses Were allowed in this 
case; that the line was short, or 
longer (without specifying which it 
might be). Feedback was the cor- 
rect response for the trial, not specify- 
ing for a longer line, which one had 


TABLE 1 
CowrusioN MATRICES For ABSOLUTE-JUDGMENT Data (PERCENT) 
Stimulus Response Stimulus Response 
O:DP 
3.0 3.1 3.2 3.3 6.0 6.1 6.2 6.3 
2s[sizg|s:)| mi 8|5|3 
32 0 s 83 10 62 a | 2% | 8 17 
33 0 0 25 75 63 0 $ 
o:TD 
6.0 6.1 6.2 6.3 
3.0 3.1 3.2 3.3 
6.0 45 43 10 2 
3.0 a |2| of d 6.1 ie | 4à | 30 3 
33 in| | @ |e! & 4 | 24 TE. 
E 2 42 56 6.3 1 8 40 51 
O:RS 
3.0 3.1 3.2 3.3 6.0 6.2 64 6.6 
10 2 6.0 50 35 14 1 
$1 i P 28 4 6.2 21 36 37 6 
3:2 E: 21 45 30 6.4 2 18 49 31 
3.3 1 5 36 58 6.6 1 4 33 2 
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TABLE 2 


CONFUSION Matrices ror "CoxsrANT- 
STIMULI” Data (PERCENT) 


Response Response 
Stimulus - Stimulus 
Short | Long Short | Long 
O:DP 
3.0 9 6.0 88 12 
34 $ 64 6.1 56 44 
3.2 0 | 100! 62 14 | 86 
3.3 0 100 6.3 3 97 
O:TD 
3.0 85 15 6.0 83 17 
$4 | 46 | 54] 61 | so | 50 
3.2 1 99 6.2 16 84 
3.3 0 | 100 6.3 3 97 
TÉ ÁN END! LN 
O:RS 
3.0 79 21 6.0 61 39 
3.1 49 51 6.1 51 49 
3.2 10 90 6.2 33 67 
3.3 1 99 6.3 13 87 


been present. Thus on half the 
trials the same length of shorter line 
was presented, and on the other half 
of the trials one of three longer lines 
appeared. (The proportion was ac- 
tually 50-51, of course.) 

The analogy with the more tradi- 
tional method of constant stimuli 
should be clear, The major difference 
is that in the present case fully half 
the trials were 'catch trials" while 
different sized increments were added 
for the remainder, 

The data were tabulated in a 4 
(stimuli) X 2 (responses) matrix, the 
conditional proportion of each re- 
sponse, given each stimulus, These 
data are shown in Table 2 for the 
three Os. A scale Was constructed 
using the same techniques as with 
the absolute-judgment data; scale 
values could not be computed where 
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the longer lines were correctly identi- 
fied nearly 100% of the time. 

The results of the three scaling 
procedures are summarized in Fig. 2, 
where scale values are plotted for 
the absolute-judgment and constant- 
stimuli procedures. The lines were 
taken from Fig. 1, and were not 
fitted to the new data. We can con- 
clude tentatively, on the basis of 
Fig. 2, that the three judgment tasks 
are equivalent when detectability 
analysis is applied. A further task 
did not yield data consistent with the 
detectability framework, however. 

Unequal stimulus probabilities — 
Packs of cards were made up with 


o "Constant 
stimuli 


^ Absolute 
judgment 


AL (cm) 


Fic. 2. Detectability scales traced from 
Fig. 1, with data from absolute-judgment and 
constant-stimuli procedures, 
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only two possible lengths, but the 
relative number of alternatives was 
changed. Longer and shorter lines 
were present in different packs with 
probability .75. The response was 
the same as in the single-stimuli task, 
to state for each card whether the 
line was the longer or the shorter. 
Again, feedback was given after each 
trial and a small bonus was paid for 
correct responses with equal fines 
for incorrect responses. 

Four packs of cards were used; 
the longer or the shorter was the more 
frequent stimulus for each of two 
sets of lines: 6.0 vs. 6.2 cm., and 3.0 
vs. 3.1 cm. At least 2,000 observa- 
tions were collected for each of the 
four tasks for each O. The data were 
again in the form of four-fold condi- 
tional probability tables. Table 3 
shows correct "long" responses and 
false alarm rates for each O. For 
comparison the table also shows 
proportions obtained with these line 
pairs in the equal-probability experi- 
ment, and resultant d" values. 

In every instance the d' obtained 
with unequal stimulus probability 
was nearly the same whether the 
Shorter or the longer was the more 
likely alternative. The values of d' 
Were larger than those obtained with 
equal probabilities for five of the six 
comparisons. An analysis of vari- 
ance was performed, using the scale 
values from these two discriminations 
(3.0 vs, 3.1, and 6.0 vs. 6.2), over all 
four experimental conditions, and it 
Showed Os and experimental condi- 
tions to be the only significant sources 
of variance. The unequal-pr obability 
Condition was the only experimental 
Condition that was significantly dif- 
ferent from the others. 


Discussion 


Another way to test the significance 
9f the difference in performance with the 
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TABLE 3 


RESULTS FROM UNEQUAL PROBABILITY 
OF ALTERNATIVES 


3.0 vs. 3.1 6.0 vs. 6.2 


P1(L)| Ps(S)| d' | PnQ)|PsQ| 4' 


O:DP 
50-50 | .81 | .76 | 1.62 | .85 | .84 | 2.06 
25-75 | .93 69 | 1.98 | .95 | .80 | 2.49 
75-25 | .66 | .93 | 1.92 77 | .97 | 2.62 
O:TD 
50-50 | .74 | .77 | 1.38 9 81 | 1.68 
25-75 | .91 | .49 | 1.33 .93 69 | 1.98 
75-25 | .52 | -89 | 1 29 | .68°| .93 | 1.99 


50-50 | .83 | .86 | 2.01 40 | .63 | .83 
25-25 ‘96 | .79 | 2.52 | .89 A3 | 1.06 
25-75 | .77 | .96 | 2.55 ‘41 | .91 | 1.08 
ee ee eS ae 


last experimental conditor is p ton 
struct receiver-operating characteris ics 
(ROC curves) from the data. The ROC 
curve plots the probability of correctly 
identifying the presence ofa signal asa 
function of the probability of incorrectly 
stating that a signal was present when in 
fact it was not (false alarms). Here co- 
ordinates were the probability of cor- 
rectly identifying a long line Pz(L), 
and of responding long when the stimulus 
was in fact short Ps(L) Figure 3 
shows two representative ROC curves, 
one for discrimination between 6.0 vs. 
6.2 cm., and the other for discrimination 
between 3.0 vs. 3.1 cm. There are three 
kinds of points for each set of data. 
The round points are from Table 3. 
Points near the negative diagonal show 
performance when the two alternatives 
were equally likely; points to the right 
and at the top show performance when 
the longer was the more probable 
alternative, and the points to the left at 
the bottom show performance when 
the longer was less probable. Lines of 
constant d’ have been drawn through 
the central equal-probability points. 
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0: DP 
3.0 vs. 3.1 


p) 
S 


@ 2-Alternative Judgment 
.20 4 Constant Stimuli 
m Absolute Judgment 


05 4 2 3 


confidence intervals.) 


The elipse around each point represents 
20 confidence intervals, on the assump- 
tion that binomial sampling variability 
applies to the obtained proportions. 
The assumption is most probably in- 
correct and the sampling distributions 
Somewhat greater than the theoretical 
estimates. Nevertheless, the confidence 
intervals allow comparison of the data. 
The differences of the unequal-prob- 
ability points from the lines of constant 
detectability are consistently large, and 
these differences are consistent across 
Os with the exception of TD, under 
one condition, as shown in Table 3. 
Rectangular and diamond-shaped 
points in Fig. 3 represent performance 
with regard to the same pair of stimuli, 
from the other two experimental condi- 
tions. There was no consistent dis- 
crepancy here from ihe prediction of 
constant d’. The points were all near 
the line of constant d as. would be 
expected from the scales of Fig. 2. 


4 
R 


Fic. 3. Two representative ROC curves for discrimination between the 
pair of stimuli under different experimental conditions. 


5 
(L) 


CG d 8 9 


same 
(Ellipses represent 2c 


Within the framework of TSD, changes 
in performance under different experi- 
mental conditions are considered to be 
the result of changes in O's decision 
criterion. In order to yield a straight- 
line ROC curve, the underlying dis- 
tributions must be normal. If they were 
heavily truncated we might expect 
performance with extreme criteria to 
be better than predictions on the basis 
of normal assumptions. However, the 
absolute-judgment task required mul- 
tiple criteria, which in many cases were 
as far removed as those represented by 
the unequal-probability task, and here 
detectability did not appear to improve. 

here was no evidence which conclu- 
sively pointed toward nonnormality of 
the underlying distributions. Weintraub 
and Hake (1962) fitted their data with 
normal-normal ROC curves, and the 
results for three Os showed slopes near 
unity. Their Os used a rating response 
when the alternatives were two equally 
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likely alternative stimuli. The dis- 
crimination task was sufficiently like 
that of the present experiment, and the 
results were close enough to those 
presented in Fig. 3, for the first three 
conditions, to raise serious question 
about the unequal-probability condition. 
It seems truly to be unique. 

Learning to discriminate.—There is 
one possible explanation for the apparent 
greater discriminability in the unequal- 
probability tasks. Learning seems an 
important aspect of lincar discrimination 
for all the conditions in the present 
experiments except this one. Long- 
term learning was not expected, and 
does not occur in other discrimination 
tasks using human Os (Swets & Sewall, 
1963). This experiment was not designed 
to test or to isolate changes in perform- 
ance with time; nevertheless, some 
rough comparisons were made. When 
relative performance under the different 
conditions was plotted as a function of 
the number of days O had been in the 
experiment, there was a distinct trend 
for performance to improve over the 
45 experimental days in the first three 
lasks, but to remain the same for the 
unequal-stimulus probability task. 

All conditions were not run on each 
experimental day and variability was 
large, with only 200 trials per day. 
Systematic comparisons could not be 
made. By the end of the experiment, 
however, performance was nearly the 
Same for all the conditions. Observer 
TD, who showed the least improvement 
and the least difference in average per- 
Ormance, was a member of the college 
rifle team, and we might suppose that 
he had had considerable prior practice 
in making discriminations much like 
those required in the experiment. |. 

Gundy (1961) found learning in an 
^uditory.detection task when the signal 
Was not specified for Os before each block 
I trials by producing the signal at a 
*vel considerably louder than that 
Presented for detection. In the present 
*Xperiments each run of 100 trials was 
Preceded by 10 or more practice trials, 
PUt these were at the same level. (the 
Sàme lengths of lines) as Were used 
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subsequently. It may be that unequal 
probabilities lead to more precise specifi- 
cation of the more frequent stimulus, 
simply by dint of the greater amount of 
experience with that line length. A 
possible test of this notion might be 


consideration of sequential response 
probabilities (Atkinson, 1963). Un- 
fortunately, the sequential data are 


not available to test this interpretation. 

Measured line length, and performance 
of the ideal observer.— sample of the 
printed stimuli was measured by vernier 
calipers, to the nearest .001 in. The 
results from measurement of 10 lines 
of each length are shown in Table 4. 
Along with each mean is an estimate 
of the population standard deviation; 
the lines were not all exactly the same 
length. Sources of variance probably 
were slight differences in the printing 
of the lines due to differing thicknesses 
of paper, pressure of the printing press, 
evenness of inking, or whatever. Bart- 
lett's test for homogeneity of variance 
yielded an insignificant value of x3 
between the .10 and .20 confidence levels, 
so the lines can be considered to have 
come from populations with the same 
variance. With this assurance the 
variances were averaged and the mean 
was used to compute an average standard 


deviation. 
The final colu 
mean difference betwee 


mn in Table 4 shows the 
n each line length 


TABLE 4 


ActuaL LENGTH OF StimuLus LINES, 
AND ESTIMATED SD 


| 
á Actual | 
Nominal i 
Bone [bns d an [ d 
Length (QD) | 
3.0 0094 | 0 
3.1 0085 | 071 8.8 
3.2 0031 | i21 | 274 
3.3 | 0072 | .322 | 40.0 
6.0 0085 | 0 
6.1 ‘0075 | .109 | 13.5 
6.2 ‘o0s7 | .208 | 25.8 
6.33 | 6645 | .0109 | .328 | 40.7 
64 | 6.746 | 0105 | .429 | 53.2 
6.6 | 6.970 | .0070 | .653 | 81.0 
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and the nominal 3 or 6 standard length, 
divided by the average SD. The ratio 
of such a physical mean difference 
divided by its standard deviation is a 
measure of the performance an ideally 
constructed O would show under the 
same conditions (Tanner & Birdsall, 
1958). The performance equation for 
the ideal is d'— 124 L. Observer 
efficiency, measured by the ratio between 
squares of observed and ideal perform- 
ance ranged from y = .03 ton = .000624, 
for the best O under the easiest condi. 
tions to the poorest under the worst. 
Changes in observer efficiency with base 
length, L, cannot be attributed to dif- 
ferences in physical variance of the 
stimulus alternatives. The Weber law 
type of function reflects internal aspects 
of the discrimination process for judg- 
ments of linear extent, 

Some limitations —TSD clearly can 
be used for prediction of performance in a 
wide range of perceptual discrimination 
tasks. These range from the detection 
of signals in noise, to stimulus identifica- 
tion, to at least some kinds of loudness 
judgments (Creelman, 1963). In each 
case studied so far, the number of alter- 
native stimuli was relatively small; 
pairs of signals were matched in loudness, 
one of no more than four alternative 
stimuli could appear in any single trial, 
and so forth. Garner and Creelman 
(1964) have suggested that when the 
number of alternative stimuli is large, 
factors independent of the discrimin- 
ability between the alternative signals 
become critical in limiting performance. 
These factors have to do with main- 
tenance of the alignment between re- 
sponse categories and stimulus alterna- 
tives, or stating it in another way, the 
maintenance of stable criteria. The 
point at which such response-criterion 
limiting factors become important is 
not known, although the number of 
alternatives at which difficulty could be 
expected will likely be near the number 
where information transmission breaks 
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down on various perceptual continua 
(Miller, 1956). 
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3 experiments attempted to expl 
of rats declined within 
to the Ist trial of the next. 
sistently with massed rew: 
nonrewarded trials. 

ting between days on 
tude on an initial series did not 


series. 


Several experimenters (e.g. Hill 
& Spear, 1962; Jensen & Cotton, 
1960; Renner, 1963) have noticed a 
tendency for runway speeds to de- 
crease from trial to trial within a day 
and then increase from the last trial 
of 1 day to the first trial of the next 
day. This reminiscence effect (using 
‘reminiscence’ purely in an empirical 
sense to characterize a change in per- 
formance over a time interval), though 
familiar from human motor learning, 
is contrary to what would be expected 
from stimulus sampling theory (Estes, 
1959) or from the concepts of warm- 
up and forgetting. The present series 
of experiments was undertaken in an 
attempt to explain this reminiscence. 
, Probably the most traditional pos- 
sible interpretation would be in terms 
of reactive inhibition (Hull, 1943), 
Which is assumed to build up duringa 
Series of massed trials and to dis- 
Sipate between blocks of trials. This 
interpretation, however, faces at least 
two difficulties. (a) It assumes (using 
Approximate values from Hill. & 
Spear) that 2 sec. of running builds 
Up more reactive inhibition than 20 
x, These experiments were conducted at 
Northwestern University and were supported 
he National Science 


Y Grant GB-254 from t 
?undation, 


Housing Ss in activity wheels 


University 


ain the finding that runway speeds 


a day but increased from the last trial of 1 day 
This reminiscence effect was found con- 
arded trials but not with spaced or with 
Nonreward on a series of trials resulted in forget- 
a subsequent rewarded series, but reward magni- 


affect reminiscence on a subsequent 
had no effect on reminiscence. 


sec. of rest can dissipate. (b) The 
concept of reactive inhibition has 
led to serious theoretical difficulties 
(Gleitman, Nachmias, & Neisser, 
1954; Jensen, 1961). It therefore 
seemed worthwhile to look for some 
alternative explanation of the remi- 
niscence effect. 


EXPERIMENT I 


]t is possible that the reminiscence 
might be a result of activity drive 
(Hill, 1956). Perhaps rats kept in 
their fairly small living cages most 
of the time build up large amounts 
of activity drive, and on their first 
runway trial are motivated to run 
more by this drive than by hunger. 
If activity drive was rapidly satiated 
by this running, speeds would be 
expected to decline within days and 
recover between days, as observed. 
Experiment I tested this activity 


hypothesis. 


Method 


Subjects and apparatus.—The Ss were 36 
naive female albino rats of the Sprague- 
Dawley strain, 74-76 days old at the start 
of experimental training. The apparatus was 
the enclosed straight runway previously 
described by Lewis (1956) and employed by 
Hill and Spear (1962). It consisted of an 
8-in. start box 6 in. wide, a 4-ft. alley 4 in. 
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wide, and a 10}-in. goal box 91 in. wide. All 
parts of the apparatus were 8} in. high and 
painted black. A guillotine door 4 in. before 
the entrance to the goal box was used to 
prevent retracing. A 3 X 4 in. piece of sheet 
metal, painted black, was suspended by wire 
from the top of the goal box to mask the food 
cup from view as S approached. A Standard 
Electric timer was activated when the start- 
box door was raised and was stopped when 
S put weight on the floor of the goal box. 
The Ss were housed in Wahmann activity 
wheels with small attached cages and in 9i 
X7X7 in. living cages, which have been 
described by Hill (1961). 

Prehandling.—Each S received six daily 
3-min. sessions of prehandling, the last one 
48 hr. prior to the beginning of experimental 
training. During each session .S was allowed 
to explore a large unpainted wooden box, 
presented with four of the 45-mg. Noyes 
pellets later to serve as reward, and picked up 
and replaced at least five times by E. Pellets 
uneaten were returned with S to the home 
cage along with a fifth pellet. A once-daily 
feeding schedule began on the first day of 
prehandling and was maintained throughout 
experimental training. The ration was 10 
gm. of finely ground Purina lab chow and 
was presented 50-60 min. after the start of 
prehandling or experimental training. 


m 
INTERVAL 


RUNNING SPEED (FT/SEC) 


10 I 13 5 I6 18 20 2I 23 
TRIALS 
Fic. 1. Running speeds during acquisition in Exp. I (N = 18 per group). 


Experimental training—On cach trial, 
after 5 was placed in the start box, the door 
was opened as soon as S was oriented toward 
it. The Ss received 25 trials of acquisition 
and 10 trials of extinction, both 5 per day. 


During both acquisition and extinction, S 


was confined in the goal box for approximately 
10 sec. following entry. Between trials on 
the same day, S was confined in its home 
cage, with water available, for 15-20 sec. 
One pellet in a food cup served as a reward. 
During extinction the food cup was removed 
from the goal box. 

Differential treatment was introduced only 
With respect to the manner of housing during 
prehandling and between training sessions. 
A randomly determined 18 Ss were housed 
in the activity wheels and the remaining 
18 were housed in the living cages. All Ss 
received acquisition training, but only 15 
from each group received extinction. 


Results 


Speeds.—The acquisition data are 
shown in Fig. 1. The wheel-housed 
rats consistently ran faster (3.32 ft/ 
sec) than the cage-housed (2.57 {t/ 
sec), significant at the .01 level, ¢ 
(34) — 2.81, for the last 5 acquisition 
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trials. In extinction there was no 
difference in speed between the two 
groups. 

Reminiscence. —The amount of 
(relative) reminiscence was computed 
as in Hill and Spear (1962). The S’s 
reminiscence score for a given day is 
obtained by subtracting the mean 
increase in speed from one trial to 
the next within the day (which is often 
negative) from the increase over the 
previous 24-hr. interval of no prac- 
tice. (The working formula for ob- 
taining this score is t (5Fe—4Lp— Le) 
where Fe, Lp, and Le refer to speeds in 
ft/sec on, respectively, the first trial 
of the current day, the last trial of 
the previous day, and the last trial 
of the current day.) Thus a positive 
score indicates relative reminiscence 
and a negative score relative for- 
getting, while a zero score means 
that the 24-hr. interval has the same 
effect as the 20-sec. intertrial interval 
within a day. Reported scores are 
means averaged over days, with the 
first day necessarily omitted. 

For both groups combined for 
Days 2-5, the reminiscence Score was 
1.03, significantly different from zero 


at the .001 level, ¢ (34) = 9.94. 
However, a repeated-measures analy- 
flect of 


Sis revealed no significant € 
groups, days, or interaction. There 
Was also significant reminiscence 
(which in this case is equivalent to 
Spontaneous recovery) between the 
2 days of extinction, mean = 2.96, 
t (28) = 10.7 for the combined group 
difference from zero, with no sig- 
hificant difference between groups. 
To the extent that a learning curve 
is negatively accelerated, the measure 
t reminiscence woul be slightly 
lased toward yielding positive scores. 
formula completely free of either 
is or the reverse bias would be 
extremely complex. T° test the 
importance of the bias, we recom- 


puted the overall reminiscence, using a 
modification of the formula designed 
to produce a comparable bias in the 
opposite direction by subtracting the 
mean increase in speed within a day 
from the increase across the subsequent 
24-hr. interval—3(4Fs — 5Lc — Fc) 
where Fs refers to the first trial of the 
subsequent day. The effect of this 
change was negligible: The mean score 
for the first 4 days (the fifth neces- 
sarily being omitted) for the com- 
bined groups was 1.00, ¢ (34) = 9.21, 
p < .001, for comparison with zero. 
The original formula was therefore 
retained in computing all subsequent 
reminiscence scores. 


Discussion 


The faster running by the wheel- 
f what would 


housed rats is the opposite of w ‘ou 
be expected from differences in activity 
drive between the two groups. Although 
weights were not recorded, it seems likely 
from other data (Spear & Hill, 1962) 
that this finding is due to differential 
weight loss. The wheel-housed animals 
presumably lost so much weight from 
running in the wheels that their hunger 
drive was greater than that of the cage- 
housed Ss, resulting in faster running 
in the alley. 

The absence of any group difference in 
reminiscence argues against the hy- 
pothesis that activity drive is responsible 
for reminiscence. Although speed data 
are affected by the probable confounding 
of hunger drive and activity drive men- 
tioned above, reminiscence scores should 
be unaffected by it. It appears, there- 
fore, that the activity-drive explanation 
must be rejected. However, the highly 
positive mean reminiscence score con- 
firms that this is a powerful phenomenon, 
still in need of explanation. 


EXPERIMENT II 


Hill and Spear (1962) noted that 
reminiscence was greater for Ss re- 
ceiving one-pellet reward than for 
those receiving four. This finding 
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Fic, 2. Running speeds on the first 5 days of Stage 2 in Exp. II (N = 7 per group). 


suggested the possibility that the 
effect might be even greater for rats 
receiving no food reward at all. To 
test this possibility, rats were given 
a long series of nonrewarded alley 
trials. In addition, to see what effect 
this experience would have on sub- 
sequent performance, they were then 
given ordinary acquisition training. 


Method 


Subjects and apparatus.—The Ss were 15 
naive female albino rats, 74 days old at the 
beginning of training. The runway and 
living cages were the same as in Exp. I, 
except that the shield was removed from the 
goal box, due to possible extraneous rein- 
forcing effects. resulting from the fact that 
Ss sometimes jumped up and swung on it at 
the end of a run. 

Procedure.—Pretraining was exactly the 
same as in Exp. I except that the daily ration 
was 9 gm., which continued throughout the 
experiment. In Stage 1, all Ss received 75 
trials at 5 trials a day. The first 13 days of 
training were successive, as were the last 2, 
but a period of 14 days intervened between 


these two blocks of training, during which 
deprivation scheduling continued but no 
training was given. No food or food cup was 
present in the goal box on any of these 75 
trials. In Stage 2, all Ss received 65 addi- 
tional trials, 5 trials a day on successive days. 
A randomly selected seven of the Ss received 
a reward of one 45-mg. Noyes pellet on each 
trial in this stage, seven others received 
four pellets, and the remaining S (scheduled 
to receive four pellets) was discarded for 
failure to eat the pellets. The trial-by-trial 
procedure was the same as in Exp. I. If an 
S failed to enter the goal box within 2 min., 
it was placed in the end box by E, and the 
time was recorded as 120 sec. 


Results 


Stage 1—In the earlier part of the 
first stage, mean speeds showed fairly 
large cyclical fluctuations, but no 
clear pattern emerged. Later in this 
Stage, mean speeds were uniformly 
low, partly reflecting the fact that 
there was a high proportion of non- 
runs (more than half of all oppor- 
tunities on the last 15 trials). There 
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was no evidence of reminiscence, the 
mean for Days 2-5 being only .05, 
t (14) from zero = .78. 

Stage 2.—Speeds for the first 5 days 
of Stage 2 are shown in Fig. 2. As 
expected, the four-pellet group ran 
faster (2.00 ft/sec on the fifth day) 
than the one-pellet group—1.10 ft/sec, 
t (12) 22.21, p «.05. Reminiscence, 
however, was not only absent but 
reversed ; forgetting occurred between 
days. For consistency with Exp. I 
and with Hill and Spear (1962), 
reminiscence scores were analyzed 
separately for Days 2-5 (Fig. 2) and 
for Days 10-13 (not shown). In the 
earlier block of days, the means were 
—.83 for the four-pellet group and 
—.20 for the one-pellet group. The 
Score was significantly negative for 
the four-pellet Ss but not for the one- 
pellet Ss, ¢ (12) = 3.14 and .77, 
respectively. The difference in for- 
getting between the groups was not 
significant, £ (12) = 1.67. In the 
later block of days, the above contrast 
between the groups was reversed. 
Both groups still had negative mean 
reminiscence scores, but now the one- 
Pellet group was larger (—1.30, ¢ 
= 5.49) than the four-pellet group 
(—.27, 1 = 1.15). In this case the 
group difference was significant 
(L— 3.07). At this point the four- 
Pellet group was beginning to show 
a within-days decrement along with 
its forgetting, resulting in a suggestion 
of the slow first trial, fast second 
trial, and subsequent decline that is 
described by Logan (1960) as the 
typical within-days pattern. Though 
it is not at all typical in the present 
Series of experiments, its occasional 
appearance may have theoretical im- 
Portance. In comparing Logan’s re- 
Sults with ours, it is noteworthy that 
the marked slowness of his 5s on the 
first trial of a day did not appear on 
the early days. In addition, his Ss 
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were prehandled without reward, 
which may have a similar effect to 
giving initial nonrewarded “training” 
trials, as we did. 


Discussion 


The absence of reminiscence in Stage 
1 indicates that the negative relation 
between reward magnitude and amount 
of reminiscence suggested by Hill and 
Spear (1962) does not include “zero 
magnitude. This lack of reminiscence 
could be due either to the absence of 
reward or to the absence of a learning 
curve. Although neither reminiscence 
nor [forgetting occurred during this 
operant-level period, the experience dur- 
ing this period had a great effect on the 
next stage, since forgetting appeared 
instead of reminiscence. This finding 
suggests that prior experience with 
reward or nonreward is an important 
determinant of short-term retention and 
one that should be more systematically 


studied. 
EXPERIMENT III 


The forgetting observed in Stage 2 
of Exp. II does not seem to be a 
forgetting of the running response 
itself, since if it were, there should 
also have been forgetting instead of 
reminiscence in Exp. I. Instead, it 
looks like a forgetting of the new 
reward magnitude, and a regression 
to the earlier low level of incentive 
motivation (Spence, 1956). It would 
be parsimonious if the reminiscence 
in the earlier experiments could be 
explained in the same way. This 
explanation would require that Ss 
in the previous experiments have 
been regressing between days to a 
level of incentive motivation ap- 
propriate to some earlier larger reward. 
Such an apparent regression has been 
noted by Collier, Knarr, and Marx 
(1961) in rats shifted from a higher 
to a lower concentration of sucrose. 
Two possibilities for such a reward 
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suggest themselves: the four pellets 
presented in prehandling and the 
9 gm. daily ration. If spontaneous 
regression to these larger rewards 
did occur, the within-days decrement 
would then represent gradual relearn- 
ing of the current reward. 

One test of the above hypothesis 
was to provide rats with different 
reward magnitudes in the first stage 
of training and then look for remi- 
niscence or forgetting in the second 
stage. This was done in Exp. III. 
A variable of trial distribution was 
also introduced, with the prediction 
that between-days effects would be 
reduced by permitting some of the 
same effects to occur between the 
spaced trials on the same day. 


Method 


Subjects and apparatus.—The Ss were 78 
female albino rats, 74 days old at the be- 
ginning of training, divided randomly into 
six groups of 13. The runway was the same 
as in Exp. II. The Ss were carried to the 
experimental room and detained between 
trials in special carrying cages, 11 X 3} in. 
and 5} in. high, with wooden sides and 
hardware cloth floors and lids. 

Design.—A 2 X3 factorial design com- 
bined two degrees of trial distribution (10-15 
sec. or a minimum of 10 min.) with three 
reward magnitudes in Stage 1 (four pellets 
per trial, one pellet, or zero). The distribu- 
tion variable continued through all stages 
of the experiment, but the magnitude variable 
applied only to Stage 1. In Stage 2, all Ss 
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received one pellet, and in Stage 3 all received 
extinction. Stage 1 consisted of 30 trials, 
and Stage 2 of 25 trials, and Stage 3 of 20 


trials. In all three stages there were 5 trials 
a day. 

Procedure.—|n Stage 1, Ss receiving four 
pellets reward on each trial received a daily 
food ration of 8 gm. instead of 9. Otherwise, 
except for the changes noted above, the 
procedure was the same as in Exp. II. 


Results 


Stage 1.—No learning was apparent 
in the no-reward groups in Stage 1, 
and there was no effect of distribution 
on speeds in the zero-reward condi- 
tion. For the groups receiving some 
reward, a 2 X 2 analysis of variance 
was performed on the last day's 
speeds. Faster running by spaced Ss 
than by massed on the last day was 
significant at the .01 level, with means 
of 3.00 and 2.12 ft/sec, F (1, 48) 
—11.73, but a trend toward faster 
running for larger reward fell short 
of significance, means of 2.79 and 2.32 
ft/sec, F (1, 48) = 327. The F 
for interaction was less than one. 

Reminiscence was less marked than 
in Exp. I. Amounts and significance 
levels for the six groups are shown 
in Table 1. Combinations of groups 
confirm previous findings in that the 
two massed-rewarded groups com- 
bined are significantly positive, t 
(72) = 2.32, p < .05, but the two 
zero-pellet groups combined do not 


TABLE 1 
REMINISCENCE SCORES FoR THE Six GROUPS IN Exp. IIT 


Stage 1 Stage 2 Stage 3 
Group 
M SD ta M SD ta M SD t 
0 Pellet Massed| .10 | .34 .80 | —.59 | 115 | 2.4 -70 .82 3.40 
1 Pellet Massed| .31 | .44 | 240 2 | 4» | 234 | 125 .61 6.07 
4 Pellet Massed] .12 | .48 .92 .38 76 | 1.56 .87 49 4.20 
0 Pellet Spaced -21 .57 1.59 | —.48 .97 | 1.96 .54 72 2.64 
1 Pellet Spaced | —.20 | .45 1.55 .04 .39 49 | 1.20 .88 5.82 
4 Pellet Spaced .09 | .49 42. | —08 | i.07 A3 St -70 2.46 


te.—Scores for Stage 1 are averaged over 
Noten garison with zero (df = 72). A 


5 days, for Stage 2 over 4 days, and for Stage 3 over 3 days- 
t of 2.00 is required for significance at the .05 level. 
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Fic. 3. Running speeds in Stage 2 of Exp. III (N = 13 per group). 
differ significantly from zero, t (72) Stage 1, indicating that there was no 
= 1.70 A repeated-measures analysis appreciable latent learning. 
Reminiscence scores are sum- 


on the reminiscence scores for the six 
groups over the 4 scorable days re- 
vealed only one significant source 


of variance, the interaction of mag- 
nitude with spacing F (2, 72) 
2x2 


However, à 
the four re- 


significantly 
paced groups 
48) — 4.31, 


= 3.13, p < .05. 
analysis of variance on 
Warded groups showed 
less reminiscence in the s 
than in the massed, F (1; d 
b < .05, with no effect of magnitude 
Or interaction. The two spaced re- 
Warded groups combined did not differ 
Significantly from zero, 

Stage 2.—The results in S 
(when all Ss received one pellet) 
are shown in Fig. 3. The four pre- 
Viously rewarded groups appear to be 
approaching asymptotic speed, while 

€ two previously nonrewarded ones 
Show learning curves similar in rate 
to those of the one-pellet groups 1 


marized in Table 1. For the two 
previously rewarded massed groups, 
reminiscence is both significant, ¢ 
(72) = 2.62, P< .01, and nonsig- 
nificantly greater than for the same 
groups in Stage 1, indicating that the 
greatly reduced slope of the learning 
curve does not result in any reduction 
in reminiscence. Both previously 
nonrewarded groups, in contrast, show 
forgetting, significant at the .01 level 
for the combined groups, £ (72) — 3.09. 
In a repeated-measures analysis of 
the six groups, only the effect of prior 
magnitude was significantly related 
to the magnitude of reminiscence, 
F (2, 72) = 6.60, p < .02. However, 
when only the previously rewarded 
groups were analyzed, the F for 
magnitude was less than 1.00, while 
reminiscence was: greater for the 
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massed than for the spaced conditions, 
F (1, 48) = 4.30, p < .05, and the 
interaction remained nonsignificant. 

Late in Stage 2 the two previously 
nonrewarded groups, like those in 
Exp. II, showed a suggestion of the 
slow first trial, fast second trial, and 
subsequent decline reported by Logan 
(1960). The effect is small, but might 
have become larger if rewarded train- 
ing had continued. 

Stage 3.—In extinction, significant 
reminiscence (spontaneous recovery) 
was present in all groups, as shown 
in Table 1. A repeated-measures 
analysis of these reminiscence scores 
showed significant effects of Stage 1 
reward magnitude, F (2, 72) — 5.59, 
p < .01, of days, F (2, 144) = 5.35, 
p < .01, and of the interaction of 
days with distribution, F (2, 144) 
—9.08, p < .01. The main effect 
of magnitude reflects primarily the 
greater spontaneous recovery in the 
one-pellet groups; the effect of days 
reflects a decline in spontaneous 
recovery over successive days, and 
the interaction reflects a steeper 
decline over days in the massed 
groups. 


Discussion 


The results of the previous experi- 
ments were replicated, though the effects 
tended to be smaller than before. In 
Stage 1, reminiscence was found under 
massed conditions, which were those 
used before. In Stage 2, there was for- 
getting between days in those groups 
previously nonrewarded and reminiscence 
in the massed groups previously re- 
warded. 

The main hypothesis of the experiment 
was not supported. There was no evi- 
dence thattthe magnitude of reward in 
Stage 1, provided it was greater than 
zero, had any effect on reminiscence in 
Stage 2. The fact that in Stage 1 
there was greater reminiscence with 
larger reward for the spaced Ss (though 
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nonsignificantly so) is also inconsistent 
with the hypothesis. 

The secondary hypothesis, that spac- 
ing of trials would reduce both remi- 
niscence and forgetting, received some 
support. When the zero-pellet groups 
were omitted from the analysis, massing 
gave more reminiscence than did spacing 
in both Stages 1 and 2. This result is 
consistent both with the spontaneous 
regression notion and with the inter- 
pretation that a dissipation of reactive 
inhibition is responsible for the remi- 
niscence. 

It is possible that a two-factor inter- 
pretation will be needed to account for 
the various effects we have noted. Per- 
haps the reminiscence is due to some 
inhibitory process and the forgetting is 
due to:spontaneous regression of incen- 
tive motivation. The combination of 
the two effects could then explain the 
brief appearance in previously non- 
rewarded groups in Exp. II and III of 
the pattern of slow first trial, fast second 
trial, and decline (Logan, 1960). 

The most impressive finding in this 
sequence of experiments is that groups 
receiving exactly the same current treat- 
ment show opposite between-days effects 
depending on whether they were re- 
warded or nonrewarded in an earlier 
block of trials. Although the explana- 
tion for this striking difference is still 
unclear, it points the way toward 
further research on a new aspect of the 
effect of rewards on behavior. 
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PERCEPTION OF DEVIATIONS IN 
REPETITIVE PATTERNS? 
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This is an investigation of the stimulus variables 
experienced by Os in locating deviacions in re 
objective variables and 7 subjective variables wi 
measure of stimulus difficulty, i.e. 


locate the deviations. 
indicated that 5 objectiv 


affecting the difficulty 
petitive patterns. 11 
ere correlated with the 


, mean log time required by Os to 
A stepwise regression was performed which 
e and 2 subjective variables resulted in a mul- 


tiple R = .827 and the addition of any of the other variables did not 


significantly increase the predictive a 
7 variables that entered the regression e 


of some possible reasons 
ulus difficulty. 


In the past few years, there has 
been a concerted effort to differen- 
tiate and evaluate some of the stimu- 
lus variables that affect visual per- 
ception. One method for exploring 
the visual processes is the use of the 
visual-search task. In this task, O 
is seeking a known stimulus object 
(signal) which is located somewhere 
in a visual field made up of greater 
or lesser amounts of irrelevant ma- 
terial (noise). The O must therefore 
seek out the signal while ignoring, 
as best he can, the noise which tends 
to obscure the signal. 

In this case, the object to be found 
is known prior to the search, In 
our daily experience, however, we 
often are called upon to seek out the 
unexpected rather than the expected. 
Rather than knowing what it is we 
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bility of the equation. The 
quation were discussed in terms 


why they were useful in the prediction of stim- 


are seeking, in this case we know more 
nearly what it is that we are not 
seeking. 

While it seems clear that the two 
types of visual-search task are not 
distinct entities, but rather extremes 
of a continuum, it may well be that 
the two types are worthy of separate 
study. At least there does seem to be 
a meaningful distinction between the 
two types of task, one requiring prior 
knowledge about the perceptual ob- 
ject or figure, the other requiring 
prior knowledge about the perceptual 
field or background. 

There is still another way to 
contrast these two extreme types of 
the visual-search task, viz., lawful 
vs. random positioning of the stim- 
ulus parts. One type of task, that 
of the signal in the noisy field, can 
be thought of as a lawful component 
in an otherwise unlawful or random 
field. The opposite type of task can 
be identified as one in which an un- 
lawful or random component is located 
somewhere in an otherwise lawful 
field. 

The task of O under these two 
extreme conditions of visual search 
is quite different. In the case of the 
signal in the noisy field, the require- 
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ments are to let the unlawful field 
cause as little disruption as possible 
as the search continues for the known 
signal. On the other hand, when the 
field is the lawful structure, and the 
unlawfulness is the structure that is 
sought, then O is required first to 
determine the nature of the lawful- 
ness, and then to determine where 
in the visual display there is a portion 
that fails to conform to this law- 
fulness. 

„From an experimental point of 
view the reversal of the relative 
Position of the lawful and the random 
Portions of the visual display leads 
to a rather interesting possibility. 
Because the background is ordered, 
it Is possible to measure the amount 
of information contained in the back- 
ground, It is true, of course, that 
€ven a random pattern can be meas- 
ured for amount of information, but 
the informational count will naturally 
depend completely upon the number 
Of units within the visual field, the 
Number of states possible for each 
Unit, and the probability of each of 
these states being assumed by each 
a A lawful pattern, in addition, 

as a determinable amount of re- 


Fic. 1. Examples of the stimuli, 


(a) 


dundancy; the specific amount de- 
pends upon the rules that determine 
the formation of the pattern. It is 
this redundancy that makes any 
given portion of the pattern deter- 
minable, assuming the rest of the 
pattern is known. 

The present study made use of a 
random signal in an otherwise lawful 
field. The purpose was to ascertain 
the nature and relative importance 
of some of the variables that deter- 
mine the difficulty, or ease, of the 
visual-search task. : 


METHOD 


Stimuli 

The stimuli were constructed by a modifica- 
tion of a method suggested by Attneave 
(1959). The first step was to form an m Xm 
matrix of squares. The state of the squares 
was either black or white; the choice was 
random with each state having a probability 
(p) of .5. This m X m matrix will be re- 
ferred to as the basic pattern unit. The second 
step was to repeat spatially the basic pattern 
unit to form an » X n set of such units. The 
pattern thus formed had a total of (mm) 
squares. The third, and final, step in the 
construction of the stimuli was to pick at 
random one of the basic pattern unit reitera- 
tions and reverse the state of one or more of 
the squares within that unit. The location 
of the squares changed within the unit in 


L| E a m a a 
"n = =, = p" = 
g? = = = = ae 
s" um" num um um n 
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(b) 
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the formation of the deviation was also 
randomly determined. Any square so chosen 
became black if originally white, and vice 
versa. 

The actual construction was carried out 
by photographing white and black, un- 
glazed, 1-in. square tiles arranged in con- 
figurations that were determined by the 
above three steps. Reproductions were then 
made using an enlarger so that all finished 
stimuli were 34 in. square, including a small 
white border. Holding the overall size con- 
stant meant, of course, that the size of the 
individual white and black squares varied 
from pattern to pattern; the total number of 
squares in the design determined the size 
of the individual squares after reproduction. 

Two examples of the stimuli, complete 
with deviations, are shown in Fig. 1. 

In order to limit as little as possible the 
population from which the stimuli for this 
study were drawn, only one additional 
restriction was applied in determining the 
nature of the stimuli. The physical size of 
the patterns, when laid out in the tiles, soon 
became restrictive, as either m or n increased. 
The different combinations of size of each 
basic pattern unit (m X m) and the number 


of reiterations (n X n) that were used were as 
follows: 


Values of m Values of n 


3 4 5 6 
3 X X X 
4 X X X X 
5 X X X 
6 X X 


In each cell containing an X, five different 
repetitive patterns were constructed, for a 
total of 60 different patterns. For Exp. I, 
each of these patterns was used six times in 
the construction of the stimuli, i.e., the repeti- 
tive patterns complete with deviations. The 
number of deviations ranged from one to six; 
each pattern had the entire range in number 
of deviations. Thus, each pattern once 
contained one deviation, once two devia- 
tions, etc., up to and including six deviations. 
In this way the total number of stimuli for 
Exp. I was 360; 60 different patterns, each 
with the range of one through six deviations. 
For Exp. II, each of the same 60 patterns 
from Exp. I was used once, this time without 
deviations. 


Procedure 


Experiment I.—The entire set of 360 stimuli 
was placed in random order, and this order 
was maintained for all Ss. The Ss did not 
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all start with Stimulus No. 1, however, but 
rather they were started within the series 
each at a randomly determined point. Each 
S was shown all of the stimuli, one at a time. 

Before seeing the test stimuli, each S 
viewed a training series. This training was 
included because of the rapid but marked 
learning process preliminary work indicated 
to be taking place when an O first attempted 
to deal with stimuli of this type. A total of 
60 training stimuli, similar to the test stimuli, 
was shown to Ss. During the training period 
an effort was made to help S become as pro- 
ficient as possible. In this way, the likelihood 
was reduced that an S might become signifi- 
cantly more proficient during the testing 
period and thereby cause a spurious change 
in the results. 

The Ss were six adults with no formal 
background in either psychology or art. 
Their specific task was to indicate the location 
of the area containing the deviations. There 
were too many stimuli for an S to view all 
of them at one sitting. Four sessions, each 
lasting between 1 and 2 hr., including a short 
break, were therefore employed for each .S. 
In this way, fatigue was minimized. The 
mean log time required by Ss to correctly 
indicate the location of the deviation arca 
was used as the measure of stimulus difficulty. 
When, as occasionally happened, an S in- 
correctly identified the location of the devia- 
tions, he was told that he was wrong and 
should keep searching. If S was unable to 
locate the deviation area within 4 min. (this 
occurred a total of three times, never with the 
same stimulus) the trial was ended and the 
time of 4 min. was recorded. As is usually 
the case with time scores, the distributions 
of the raw scores from this study were skewed. 
The raw scores were therefore converted to 
logarithms for the reasons discussed by 
Woodworth and Schlosberg (1954). 

The stimulus-difficulty measure, as deter- 
mined from Exp. I, was correlated with 
scores on a number of pattern variables for 
all 360 stimuli. These variables will be 
explained in detail below and the ranges of 
values for each variable, as they were found 
in this study, will be given. 


1. Number of Deviations. First was the 
number of squares whose states were reversed 
to form the deviation. As has been stated 
above, the values here ranged from 1 through 
6. 

2. Size of the Basic Pattern Unit. Another 
variable that was examined was the total 
number of white and black squares in the 
basic pattern unit, or m?. In this study, 
Sizes of 9, 16, 25, and 36 were included. 
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3. Number of Reiterations. Still another 
variable was the total number of reiterations 
of the basic pattern unit in the overall 
pattern. Thus, the number of reiterations 
was equal to s^, or, in the present study, 
either 9, 16, 25, or 36. 

4. Absolute Net change in Black Squares 
Due to the Addition of Deviations. Another 
variable was the absolute value of the net 
change in total number of black squares as a 
result of the addition of the deviations. 
Thus, if two of the squares were changed 
from white to black, and three other squares 
were changed from black to white, the abso- 
lute value of the net change would be 1. 
The actual values in the present study 
ranged from 0 to 6. 

5. Ratio of Black to White Prior to Addi- 
tion of Deviations. The next two variables 
had to do with the percentage of black and 
white squares in the overall pattern prior 
to the addition of any deviations. The first 
of these variables employed the ratio of black 
squares to white squares as a means of 
assessing the relative difficulty of a pre- 
dominately white or predominately black 
Pattern. In the present experiment, these 
values ranged from .13 to 2.60. 

6. Ratio of Black to White or White to 
Black (whichever is the larger of the two) 
Prior to the Addition of Deviations. The 
second of these variables employed the 
larger of the two ratios to assess the relative 
difficulty of a pattern as it deviated from 
the state of having an equal number of white 


and black component squares. Here the 
values ranged from 1.00 to 8.00. 
7. Texture. By “texture” is meant the total 


number of unit contours, i.e. à white square 


next to a black, or vice versa, both horizon- 


tall ically, divided by the total 
e MN eut bum ible. The total 


number of unit contours poss! ; 
number of unit contours possible is defined 
as 2mn(mn—1). In this study, the values 
found were .214-.692- . 

8. Dispersion of the Deviations. Also 
examined was the distance, measured in 
number of squares, from each deviation to 
all other deviations within each stimulus. 


"he values ranged from 0 to 73. i 
9. Total Number of Squares in the Stimu- 
us, The total number of squares was deter- 
Mined, of course, by the size of the tee 
Pattern unit (m X m) and by the number o 
reiterations (m x m). Under the limitations 
Of size that were imposed, the values ranged 
in this study from 144 to 625. Í 
10. Percentage of Black Corners in the Stim- 
ulus Prior to the Addition © Deviations. 
nother variable was the total number of 


corners prior to the inclusion of any deviation: 
divided by the total number of corners possi: 
ble. The total number of corners possible is 
defined as (mn—1)?. Given a square block of 
four squares, one corner occurs at the common 
junction of the squares, when only one square 
is black, or when only one square is white, or 
when one set of cater-cornered squares is white 
and the other set is black. A range of values 
from .380 to .842 occurred in the present study. 
11. Bits of Information in the Basic Pat- 
tern Unit Prior to the Addition of the Devia- 
tions. The informational content measure 
used was that presented by Hillix (1960): 
Bits of information = | - - 
its of information = logs y y 


where n is the total number of squares in the 
basic pattern unit, r is the total number of 
black squares, and (2 — r) is the total number 
of white squares. This function is, of course, 
the formula for the number of combinations 
transformed to a logarithmic system of base 2. 
The values for this factor as found in the 
present study ranged from 3.17 to 33.93. 


Experiment II—The entire set of 60 
patterns, devoid of any deviations, was shown 
to a group of 20 judges. The judges, under- 
graduates enrolled in an introductory psy- 
chology course, Were first shown all 60 pat- 
terns, one at a time, in order that they might 

: h the type and range of 


become familiar wit 
the material. They were then told that they 


would again be shown the patterns one at a 
time and they were to rate each pattern along 
a 7-point scale for the first of the subjective 
variables (see below). They were again shown 
the 60 patterns one at a time and were 
required to rate them on the 7-point scale 
for the next variable, etc. These 20 judges 
were never shown the stimuli used in Exp. I, 
i.e., the patterns with deviations. 

In all, there were seven subjective variables. 
These variables, or continua, were presented 
to the judges in the following order: 


12. Simple-Complex 

13. Pleasant-Unpleasant 

14. Regular-Irregular 

15. Compact-Spread Out 

16. Jagged-Smooth 

17. Easy to Remember-Hard to Remember 
18. Easy to Find Error-Hard to Find Error 


The judges were not specifically told to use 
all points on the rating scale, nor was the 
meaning of the names applied to the continua, 
e.g, simple, complex, pleasant, and un- 
pleasant, given further clarification. The 
one exception to the rule of no further clarifi- 
cation was that it was made clear to the judges 
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TABLE 1 
Propuct- MOMENT 


Vari- 
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what was meant by the term “error,” i.e 
deviation, in the last continuum. 

The raw data from these judges for each 
of the seven continua consisted of numbers 
Írom one to seven, one number by each 
judge for each pattern. For each continuum, 
each judge's ratings for all 60 patterns were 
ranked. There were, of course, many ties; 
these ties were assigned the average of the 
ranks they would have had if there had been 
no ties. Then each pattern was assigned the 
sum of the ranks by the 20 judges for each 
continuum. These values were used in the 
following analysis. 


RESULTS 


Before substantive results are pre- 
sented, the reliability of the measure 
of stimulus difficulty used in this 
study, viz, the mean log time re- 
quired for Ss to discover the cor- 
rect location of the deviations, de- 
serves some comment, The mean log 
times for the first three Ss tested 
were correlated, for the 360 stimuli, 
with the mean log times for the last 
three Ss tested, and the resulting 
correlation coefficient was .832, The 
Spearman-Brown prophecy formula 
predicted from this that for the total 


N of six Ss the coefficient of reli- 
ability should be .908. 

Table 1 shows all correlations 
between the criterion and the 18 
variables defined in the preceding 
section. In determining levels of 
significance for these correlations a 
problem arose in the evaluation of 
the number of degrees of freedom 
associated with the individual co- 
efficients. Although there was a 
total of 360 stimuli in Exp. I, it must 
be remembered that these stimuli 
resulted from deviations being added 
to only 60 different patterns. In 
regards to the determination of the 
degrees of freedom, it was possible 
to separate the variables into two 
groups. One type of variable was 
that which was measured after the 
inclusion of the deviations, viz., 1, 
4, 8, and the criterion. The other 
type of variable included all those 
variables from Exp. II and those 
variables from Exp. I that were 
measured prior to the addition of any 
deviations. When a correlation in- 
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CORRELATION MATRIX 
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volved two variables of the first type, 
l.e., measures taken after the inclu- 
sion of the deviations, then df — 360 
= 1 = 359. When correlations in- 
volving two variables of the second 
type were performed, then df — 60 
—1259. When the correlation 
involved one variable of the first 
type and one of the second type, 
df — 360 — 60 — 1 — 299. 

The two variables that correlated 
highest with the criterion were 2 
(Size of the Basic Pattern Unit) and 
11 (Bits of Information in the Basic 
Pattern Unit). They were highly 
intercorrelated (r = -982) which indi- 
cated that there was little variance 
not common to both. The variable 
with the third highest correlation 
involving the criterion was one of the 
subjective variables, 12 (Simplicity). 

he remaining 15 variables corre- 
lated with the criterion with coeffi- 
cients that ranged, in absolute value, 
from .481 to .029. Most of the 
Variables were not independent. In 
fact, there was real doubt in the case 


of some of the variables whether they 
actually offered any information not 
already given by some of the other 
variables. For example, in addition 
to2and 11, Variables 1 and 8 (r=.893), 
12 and 16 (r = — (880), and 15 and 18 
(r = .947) all show highly significant 
intercorrelations. 
Table 2 shows, in summary, the 
results of a stepwise regression per- 
formed on the data. The seven 
variables have been listed in the order 
of entry into the regression equation. 
The degrees of freedom associated 
with the 7 ratios have been conserva- 
tively assumed to be (1, 59) for the 
first variable, (1, 58) for the second 
etc. However, if a less conservative 
estimate of the degrees of freedom 
is used, e.g., (1, 359), no changes in 
the associated levels of confidence 
occur. The regression-equation co- 
efficients are those calculated after 
all seven variables have been ad- 
mitted to the equation. The values 
of R and R? are given after each step 
of the multiple regression. None 


( 
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TABLE 2 
SrEP-WisE MULTIPLE-REGRESSION SUMMARY Data 


Variable Fa Coefficient R R? 

its of Information in the Basic Pattern 244.65** .01756 .637 -406 

"1 Ne ot Deviations 169.51** —.09298 13 .597 

12 Simplicity 31.81** .00037 .794 .630 

4 Absolute Net Change in Black Due to Deviations| 23.98** —.04935 .809 .654 

5 Ratio of Black to White 23.36** .11405 .822 .675 

15 Compactness 4,50* .00004 | .824 .679 

10 Total No. Black Corners 4.65* —.26739 .827 .683 
Constant 


1.36886 


Standard error of estimate — 0.223 


^ F ratio from anal 
equation. 


of the other 11 variables could sig- 
nificantly reduce the remaining vari- 
ance associated with the criterion. 

The multiple regression was used 
as a substitute for the experimental 
manipulation in order to deal with 
the problem of nonindependence of 
the variables. It would appear, then, 
from Table 2, that only Variables 
11,1,12,4, 5, 15, and 10, in that order, 
significantly contributed in the mul- 
tiple correlation. Thus, when Vari- 
ables 1, 4, 5, 10, 11, 12, and 15 were 
held constant, the remaining vari- 
ables added little if anything to the 
ability to explain the variance noted 
in the criterion, 

It should be made clear that there 
is a difference between not accounting 
for any additional criterion variance 
and not accounting for any criterion 
variance at all. Consider Variables 
2 and 11. Both of these variables 
correlated highly with the criterion ; 
even higher was the intercorrelation 
between the two. The multiple- 
regression process picked the variable 
that had the highest predictive ability, 
as indicated by the correlation coef- 
ficients, and entered that variable 
into the multiple-regression equation, 
All remaining variables were then 
considered as if the variable with the 
highest predictive ability was held 
constant. That is to say, all remain- 


lysis of variance for reduction in sum of squares due to the variable entering the regression 


ing variables were considered minus 
any overlap that might have existed 
with the best predictor, as indicated 
by the intercorrelations between the 
best predictor and the remaining 
variables. The second best predictor 
with the first variable held constant 
was chosen in the same manner as 
the first, and so on. 

It can be seen then that Variable 
11 was the best single predictor of 
stimulus difficulty. Of the remaining 
variance associated with stimulus 
difficulty, Variable 1 was the best 
predictor. Of the variance remaining 
after the predictive powers of 11 and 1 
were subtracted, 12 was the best 
remaining predictor, etc. The exclu- 
sion of Variable 2, then, was a result 
of the small amount of predictive 
power left to 2 after the removal 
of the predictive power common to 
both 2 and 11, and should not be 
taken to mean that 2 has no value 
as a predictor. What it does mean, 
of course, is that 2 has little further 
value as a predictor if 11 has already 
been employed as a predictor. 


Discussion 


Variable 11 (Bits of Information in 
the Basic Pattern Unit Prior to the 
Addition of Deviations) was clearly 
the most important in terms of under- 
Standing what makes a task such as the 
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one under consideration either more or 
less difficult. As was stated previously, 
a primary task associated with seeking 
an unknown stimulus object in a lawful 
visual field is the discovery of the pattern 
which constitutes the field. The more 
informational the visual field, the more 
difficult this task, and therefore the 
longer time required to find the area 
that does not conform. 

The other variable that had relatively 
high predictive ability was 1 (Number 
of Deviations). That this variable 
should be rather highly correlated with 
the criterion is not too difficult to under- 
stand. As the number of deviations 
increases, the basic pattern unit con- 
taining the deviations becomes more 
and more different from the other basic 
pattern units in the stimulus. This 
increased difference tends to make the 
location of the basic pattern unit contain- 
ing the deviations more obvious to 0. 

Variable 4 (Absolute Net Change in 
Black Due to the Addition of Devia- 
tions) and 5 (Ratio of Black to White 
Prior to the Addition of Deviations) 
both contributed to a lesser degree to 
the multiple-correlation coefficient. One 
way Os apparently found some of the 
deviations was by the rather obvious 
change in density, i.e. the ratio of black 
to white, at the site of the deviations. 
The perceptual result of such a change 
in density is that at the site of the 
deviations there is either a white or a 
black area that seems to stand out as 
being different from the rest of the 
pattern (see Fig. 1b). The higher the 
absolute value of the net change, the 
greater the likelihood that such an area 
would be perceptually available. . 

Variable 5 allows us to exami 
effect of overall density of the pattern. 
In this case, however; we are concerne 
only with density in terms of the relative 
amount of blade ‘The postive comi 2 


tion between 5 and the criterion heo 
indicate that as the relative amount s 
Bb Poema, tue diety Di DO 
task of finding deviations also increush. 
It is quite probable than an — 
of figure-ground is involved here. : ine 
O must determine the nature of the 
Pattern, it seems likely that at least 
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part of the time he must try to organize 
the pattern into units. The correlation 
between the criterion and 5 would make 
sense if one considers the difficulty of 
trying to organize and remember the 
units of the pattern as black units on a 
white background. In this way, the 
greater the relative amount of black, 
the greater the probability that the black 
figure thus formed is going to be more 
difficult for O to handle. That is to say, 
the amount of information in the black 
figure increases as the number of black 
squares making up that figure increases. 

Variable 10 (Total Number of Black 
Corners) also contributed slightly to 
the reduction of the unexplained criterion 
variance. The importance of the num- 
ber of corners probably related back to 
the fact that an O tends to organize 
the black squares into perceptual units. 
The probability that the perceptual 
units will be complex, and thereby harder 
to deal with, increases as the number of 
corners increases. It would seem, then, 
that for at least some of the stimuli, 
Ss must attempt to compare the shape 
of the perceptual units within the stimu- 
ulus. If the shapes of the perceptual 
units must be compared then the more 
difficult will be the comparison as the 
number of corners of the perceptual 

nit increases. 
us Variables 12 (Simplicity) and 15 
(Compactness) were the only two sub- 
jective variables to be included in the 
multiple-regression equation. That they 
were included would indicate that the 
objective variables failed to cover all 
aspects of stimuli difficulty. Thus, 
the judges were reacting to aspects 
of the stimuli that were not measured 


objectively. 
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3 experiments tested the relations between monocular or binocular 
viewing, visual-field placement of stimuli, and interletter spacing in the 
distribution of errors over letter positions in the letter span. Exposure 
time was 100 msec. The most important variable in accuracy within 
the letter span was found to be the relative location of a letter within 
the 8-letter line. Errors were fewest for the leftmost letter in the line 
regardless of variations in absolute retinal locus. These data imply 


that experiments on the letter span might better be conceptualized as 
“memory” studies than as “perception” studies. 


Edridge-Green (1914, 1920) hy- 
pothesized that the left eye dominates 
for the left visual field and the right 
eye dominates for the right visual 
field in normal binocular vision. 
Crovitz and Lipscomb (1963) reported 
that when the stimulus is a line of 
numerals and exposure time is 100 
msec., accuracy is a joint function of 
visual-field position of a numeral 
and whether viewing is binocular 
or with the left or the right eye alone, 
in general accord with the hypothe- 
sized temporal visual-field dominance. 

The present study investigates the 
perception of alphabetical material 
in the left or the right visual field 
with the same three viewing condi- 
tions. There is convincing evidence 
that perception in the left vs. the 
right visual field for alphabetical 
material is related to learned patterns 
of eye movement associated with 
reading habits (Bryden, 1960; Heron, 
1957; Mishkin & Forgays, 1952). 
Prior to this modern interest in the 
letter span as a context in which to 
study a presumed postexposure scan- 
ning process, it was well-known that 
positional effects occur in the letter 
span. For example, Wagner found a 


bow-shaped error function for letters 
within centrally fixated eight-letter 
words, and Woodworth assumed that 
the more accurate report of peripheral 
letters reflects a visual-masking proc- 
ess in which the more isolated end 
letters have the advantage over the 
more crowded central letters which 
would otherwise have the advantage 
in virtue of their foveal location 
(Woodworth, 1938, pp. 742-743). 

Harcum and Jones (1962) reopened 
the question of position effects within 
the letter span by analyzing the locus 
of errors for letter positions within 
eight-letter words presented wholly 
in the left or the right visual field. 
They reported a bow-shaped error 
function over letter position for words 
presented in the left visual field, but 
a gradually increasing error function 
for letters the further they were to the 
right for words in the right visual 
field. 

In order to assess in a more detailed 
way the roles of spacing of letters 
and visual-field location of letters 
within the letter span, and to deter- 
mine any differential effects of view- 
ing condition, the following set of 
interlocking experiments was done. 
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EXPERIMENT I 


I was designed to 


Experiment 
present a line of eight letters wholly 
within the left or the right visual field 


with the other field left blank. This 
is similar to the goal of the experi- 
mental design of Harcum and Jones 
(1962), except that they used words 
as stimuli, Since our goal is the 
assessment of letter location, per Se; 
with minimization of the effects © 
cognitive factors and guessing, We 
used lines of eight randomly selected 
letters, There were three viewing 
conditions: left eye alone, right eye 
alone, and binocular viewing. 


Method 
Stimulus materials.—The stimuli were 
designed to give a line of eight letters extend- 
‘cht visual field. 


ing into the left or the rig 

here were 36 stimulus cards, 18 with letters 
to the left and 18 with letters to the right 
9f the center. Each card contained à line 
9f eight randomly selected letters, with the 
Testriction that no letter appear on à given 
Card more than once, 


he English capital 
rs were drawn with black India ink on 
hite cards using à 


ephyr lettering kit. 
Each letter stood % in- high. The letters 
Were spaced with } in. between the centers 
of adjacent letters and $ in between the 


[9] 1 2 
FROM FIXATION 
rs in their absolute locations in Exp. I. 


nter of the most centrally placed letter 


ce! 
and the center of the card where the pre- 
When 


exposure fixation dot appeared. 
presented in a Gerbrands mirror tachistoscope 
in. from the eyes, 


le of about 4°24", 
d by an individual 


‘ards were presented in a 
der, the two sets of cards 


intermixed. Exposure 

There were three vie 
binocular viewing, 
the left eye, and 
the right eye. 
conditions Was 
cards, with a separa 


order for each S. 
The Ss were instructed to maintain fixation 


until the letters appeared, to adjust the eye 
patch according to E’s instructions prior 
to each trial, and to write on an answer sheet 
after each trial the letters seen in the posi- 


tions in which they had appeared. 

Subjects —Twenty male undergraduate vol- 
unteers served as Ss. Prior visual screening 
eliminated any S with marked acuity dif- 
ferences between the eyes or marked hetero- 


phoria- 


Results 

Figure 1 shows the percentage of 
error for letters in each of the 16visual- 
field loci. It can be seen that the two 
curves are remarkably similar; as if 
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TABLE 1 


ANALYSIS OF VARIANCE OF CORRECT REPORT 
or LETTERS IN THEIR CORRECT RELATIVE 
Position BY VISUAL FIELD: Exp. I 


Source | df F 

Letter Position (LP) 7 44.84*** 
Visual Field (VF) 1 2.60 
Viewing Condition (C) 2 «1 

LP x VF 7 6,85 *** 
LP G 14 <1 

VF XC 2 1.21 
LP X VF XC 14 «1 
Within Cells (MS) 912 (0.99) 


*** p < 001. 


the relative position of a letter within 
the line of letters determined its 
reportability, rather than its location 
in absolute visual space. Thus the 
results of Exp. I confirm Wagner's 
finding of a bow-shaped error function 
in the letter span. And this out- 
weighs any difference between viewing 
conditions, as shown in an analysis 
of variance summarized in Table 1. 
This analysis of variance is based on 
a comparison of letters having the 
same relative position within a line, 
regardless of absolute location of the 
letter in space. / tests between rela- 
tive letter positions in the left vs. the 


right visual field indicate that only 
Positions 2 and 3 are significantly 
different across visual fields. (Posi- 
tions 1 through 8 shall refer to the 
leftmost through the rightmost letter 
in a line; thus Position 2 is quite far 
from the center of the fovea for letter 
lines presented in the left visual field, 
but quite a bit closer to the center of 
the fovea for letter lines presented in 
the right visual field.) 

These bow-shaped error functions 
indicate that Positions 1 and 8 are 
most accurately reported (¢ tests show 
they are different from all other posi- 
tions within a visual-field condition, 


p < 01). 


EXPERIMENT lI 


The data from Exp. I indicate that 
the shape of the error function is 
similar in the two visual fields, and 
there is no effect of viewing condition. 
The question of Exp. Il is whether 
the shape of the error function is 
different, and whether viewing condi- 
tion matters, when fixation is in the 
center of the line and there is stimula- 
tion of the left and the right visual 
field simultaneously. To assess the 


PERCENT ERROR 
3 
T 


5 


—_— — 


[0] 


INCHES FROM FIXATION 
Fic. 2. Percentage of error for letters in their absolute locations in Exp. II. 


VISUAL FIELD AND THE LETTER SPAN 


hypothesis that visual masking ac- 
counts for the bow-shaped error 
function, spacing between adjacent 
letters was varied. 


Method 


Stimulus materials—The stimuli 
designed to give lines of letters of different 
spacing across the visual field. Stimuli were 
identical to those of Exp. I except that for 
18 cards there was } in. between the centers 
of adjacent letters, and for 18 cards there was 
3 in. between the centers of adjacent letters. 
In both sets of 18 cards the letters were 
centered on the card with a space in the center 
of the card equal to twice the distance between 
adjacent letters. For the wide-spacing cards 
the letter lines subtended about 8°48’ of 
visual angle; for the narrow-s acing cards 
the subtense was about 4°24’ of visual angle. 

Procedure and subjects. —The procedure 
was the same as in Exp. I and Ss were 29 
new male undergraduate volunteers screened 


for visual characteristics. 


were 


Results 
ws the percentage of 


Figure 2 sho 
ach of the visual 


error for letters in € 
field loci in Exp. II. 

Again the two curves are remark- 
ably similar, quite as if relative posi- 
tion determined report to a greater 
extent than did absolute locus in the 
visual field. And again viewing 
condition had no effect, as indicated 
in the analysis-of-variance summary 
Shown in Table 2. 

Within each spacing co 
Was a scattering of Sign! lifi 
ences depending on letter position, 
but across spacing conditions, only 
Relative Position 2 was significantly 
different. These error functions re- 
veal an interesting feature of the 
interaction between relative letter 
Position and spacing condition: the 
Curves cross over after Position 4. 
A separate analysis of variance showed 
the interaction between spacing con- 
dition and visual field (Positions 1 
through 4 pooled vs. Positions. 
through 8 pooled) was highly sig- 


ndition there 
ficant differ- 


221 


TABLE 2 


ANALYSIS OF VARIANCE OF CORRECT REPORT 
or LETTERS IN THEIR CORRECT RELATIVE 
Position BY SPACING CONDITION: 


Exp. II 
Source df F 

Letter Position (LP) 7 26,32*** 
Spacing Condition (S) 1 <1 
Viewing Condition (C) 2 «1 

LP XS 7 6.89*** 
LP XC 14 1.32 
sxc 2 «1 
LPXSXC 14 <1 
Within Cells (WS) 1344 | (1.39) 


ep «001. 


nificant, F (1, 112) 219.62, p<.001. 
This means that with wider spacing, 
the letters in the right visual field 


are reported relatively more ac- 


curately. : 
ver, the differences 


In general, howe 
in spacing in Exp. II had little effect. 


EXPERIMENT lll 


In this experiment the aim was to 
maximize the effect of a possible 
underlying visual-masking variable 
in the letter span by splitting the 
line of letters into two parts leaving a 
very wide gap between Positions 4 
and 5. Here Positions 4 and 5 should 
be reported relatively well if accuracy 
in the letter span is indeed related to 
ative spatial isolation of the letters. 


rel 

Method. 

Stimulus materials—The stimuli were 
designed to allow a possible underlying 


visual-masking process to exhibit itself by a 
relative favoring of Positions 4 and 5. Stim- 
uli were identical to those used in Exp. I and 
II except for the spacing of the letter line. 
On all 36 cards the line was centered on the 
card, but with a gap of 2 in. between the 
centers of letters in Positions 4 and 5. Within 
the first and last four letters there was iin. 
between the centers of adjacent letters. 
Thus the whole letter line subtended a visual 
angle of about 7°42’. 
Procedure and subject. 
the same as in Exp. I and II exce 


s.—The procedure was 
pt that the 
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Fic. 3. Percentage of error for letters in their absolute locations in Exp. III. 


same type of stimulus card was used on all 
36 trials and Ss were 20 new male under- 


graduate volunteers screened for visual 
characteristics. 


Results 


Figure 3 shows the percentage of 
error for letters in each visual field locus 
in this experiment. Both inspection 
of the curve and statistical analysis 
fail to find any favoring of Positions 
4 and 5. And again viewing condi- 
tion has no effect, as indicated 
in Table 3. 

Positions 1 and 8 were significantly 
different from all other positions 
(b < .01), but Positions 4 and 5 
showed no significant drop in errors 


TABLE 3 


ANALYSIS OF VARIANCE OF CORRECT REPORT 
OF LETTERS IN THEIR Correct RELATIVE 
POSITION WITH A WIDE Gap BE- 
TWEEN FtELDS: Exp, III 


Source df F 
tter Position (LP) T 92.67*** 
Viewing Condition (C) d «1 
C <1 
Withon Cells (MS) 456 (3.56) 
wrk p < .001. 


as compared to Positions 2 and 3, 
and 6 and 7. Thus, a masking vari- 
able has failed to prove implicated 
in determining the shape of the error 
function in the letter span. 


Discussion 


The results of these experiments 
indicate that relative position within a 
line of letters is the critical variable 
controlling accuracy within the letter 
span. Variations in spacing have sur- 
prisingly little effect, Further, the data 
do not differ depending on which of 
three viewing conditions is used: binocu- 
lar viewing or monocular viewing with 
either eye alone. 

Heron (1957) postulated a tachisto- 
Scopic postexposure Scanning process 
involving habits of eye movements made 
in reading. In part, this process was 
designed to account for the facts that 
when a letter line appears in either the 
left or right visual field, accuracy is 
greater in the right visual field—but 
When letters appear in both visual fields 
simultaneously, accuracy is greater in 
the left visual field. The present data 
may help to clarify some details of this 
Process When a line of letters appears 
in one visual field, the error function is 
bow-shaped, but there is a more gradual 


x 
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rise in errors near the beginning of the 
line when it is presented in the right 
field. When letters appear in both 
fields simultaneously, the left-field letters 
are reported more accurately due to the 
remarkable accuracy of the letter in 


Position 1. 
In Exp. I and III the error function 


was bow-shaped; errors were fewest in 
Positions 1 and 8 even when these 
positions were the furthest from the 
fovea. One possibility is that scanning 
occurs in a left-to-right order, from 
Position 1 to Position 8; that the task 
is fundamentally one of immediate 
memory in the face of rapidly decaying 
traces; and that both primacy and 
recency in the scanning order facilitate 
recall. This interpretation would point 
to similarities between the processes 
involved in the present experiments 
and those apparently involved in serial- 
learning tasks in which analogous error 
functions commonly occur (Bowman & 
Thurlow, 1963). 

Interpretation of the results of Exp. 
II is more difficult. Within each spacing 
condition the error function is bimodal, 
suggesting the possibility that here the 
left and right halves of the letter line 
are scanned separately. One difference 
between the stimuli in this experiment 
and those in Exp. I and III is that in 
those experiments the letters were clearly 
Segregated into left and right fields, 
While in Exp. Il letters extended more 
clearly through the center of the card. 
Thus, here S might quickly come to 
expect letters near the fixation point; 
this anticipation is less likely in the 
other two experiments. | An added 
complexity in the data of this experiment 
is the interaction between spacing condi- 
tion and visual field. No hypothesis at 
Present is available to account for this 


anomalous result. : 

Whatever the eventual explanation of 
details of the present findings, the data 
call for clarification © the processes 
underlying reports in “perceptual of 
Periments. Visua as measure 
Y conventional tests, s mark- 


| acuity, 
decrease: 


edly from the point of fixation outward 
corresponding to a coarsening of the 
retinal mosaic and an increase in the 
ratio of convergence of cone receptors 
upon bipolar and ganglion cells. Ac- 
cordingly, one might expect items closest 
to the point of fixation to be seen with 
greatest ease. However, these results 
do not show such a relation to visual 
anatomy. Rather, the reportability of a 
letter depends almost exclusively upon 
its relative position within the string of 
letters of which it is a member. This 
suggests that in the present conditions 
information entering through the visual 
system is transformed by processes 
closely associated with learning. Further 
detailed study is needed to more ade- 
quately specify the physiological and 
psychological processes controling the 
final perceptual product in "perceptual" 


studies. 
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EXPECTED VALUE AND RESPONSE UNCERTAINTY IN 


MULTIPLE-CHOICE DECISION BEHAVIOR 


DAVID M. MESSICK axb AMNON RAPOPORT 


University of North Carolina 


A 10-choice decision-making experiment was conducted in which the 
uncertainty, H, of S's response distributions was experimentally 
determined for each of 4 blocks of 80 trials. A measure of relative 
efficiency in terms of expected gain which assumes H constant, Rr, 
was computed for each S for each block of trials. Analysis indicated 
that Rr did not depend on H and that it increased slightly but sig- 
nificantly with blocks. The absolute values of Rr were quite close to 
the maximum in the later blocks, suggesting that when the uncertainty 
of the responses is accounted for, Ss perform the task in nearly optimal 
fashion. Some implications of these results for “rational” theories of 


decision making are discussed. 


In a multiple-choice decision-mak- 
ing task in which an S is required to 
predict which of » stimulus events 
will occur on a given trial, n > 2, 
the expected value of a response is 
equal to the probability that the 
response will be correct multiplied 
by the payoff to S if the response is 
correct. If the probability that a 
response will be correct, z;, is con- 
stant over trials for all ¿ and if the 
payoff is constant, then if S gives a 
sequence of s; such predictions, V, 
the expected value of S’s responses 
for a block of m trials, is given by 


[1] 


where f(i) is the number of responses 
with the ith alternative, and Ei(g) 
is the expected gain of one response 
with alternative 7, 


The sequence of m responses in the 


y- TIME), 


1 The authors are indebted to Lyle V. Jones 
for his helpful suggestions and critical reading 
of the manuscript. In addition the authors 
gratefully acknowledge the support of the 
Committee for the Support of Research and 
Advanced Study, Executive Committee, 
General Federation of Labor, Tel Aviv, 
Israel, and of the United States Air Force, 
Office of Scientific Research (Grant No, 


AF-AFOSR-85-63). 


n-alternative-choice task may be fur- 
ther characterized by a statistic, H, 
which is the uncertainty of the m 


responses. The measure H is defined 
as 


R= x P(i) loge Pi), [2] 


where P(i) = f(i)/m, the proportion 

of i responses in m trials. H is a 

maximum where P(i) = i for all 7 
n 


and a minimum when P(i) = 1 for 
some 7. 

In a previous study (Messick & 
& Rapoport, 1965) the V and H 
statistics were computed for each of 
36 Ss for five consecutive blocks 
of 80 trials each. In that study there 
were 10 alternatives (n = 10). Each S 
was in one of two groups, the groups 
differing only in terms of the payoff 
function determining E;(g). Within 
each group and block of trials the 
correlation between V and H was 
computed across Ss. These correla- 
tions were found to be negative and 
to decrease monotonically with blocks. 
It was conjectured that the variation 
in H was largely responsible for the 
variation in V, i.e., that the value 
measure was increased mainly by 
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decreasing H. The structure of this 
previous study, however, did not 
permit detailed investigation of the 
relationship between V and H. It 
is to this purpose that the present 
experiment is aimed. 

As was noted in the previous report 
V and H are not independent sta- 
tistics. For example, the range in 
which V can vary is dependent on the 
value of. H. 1E H = 0, then the range 
of V is maximized, while if H is a 
maximum the range of V is reduced 
toasingle point. In order to account 
for this dependency the following 
simplification is introduced. Let 
= {f(1),f(2) -- . f(n)} denote the 
set of all ordered 7? tuples whose 
components are f(t), f(2)+- fn) 
Thus every element of the set & (9); 
is a distinct permutation of the num- 
bers f(1), f(2) -> .f(m. Itis clear 
that the uncertainty of every óc? 
is the same. It is conjectured that 
the uncertainty function from all sets 
® to the positive real numbers is one 
to one, so that it is possible to inter- 
change uncertainty constraints an 
constraints imposed on the #’s. Any 
particular @ will be referred to as à 
response distribution. 

In order to make the range of V, 
the value measure, independent of ®, 
V is transformed into the relative 
measure Rr which is defined as 


V- Vmin 
eL P 


In this expression Vmin and Vmax are 


extrema for à given ®. To find Vin 
and Vimar, let $^ be à permutation 0 


FA), f(2) + - _ f(a) such that fizfeZ 
sum ze t * 


2i Edu where the sub- 
Script denotes position in the 7. tuple. 
Let o** denote 2 permutation in 
which all inequalities are reversed. 
Let e be a permutation of the Z.(g) 
defined earlier such 
Ealo >. ZEZ 2 Ein(8g)» 


MULTIPLE DECISIONS 225 


where the second subscript denotes 
position in the » tuple. Then Vmax 
and Vmin are given by the scalar 
products 


Vmax = P*:6 [4] 
Vai = **.e€. [5] 


The conjecture of Messick and 
Rapoport (1965) may now be re- 
stated to say that (a) Rr is independ- 
ent of H, and that (b) Rr is roughly 
constant through time. If Rr is close 
to unity and constant and if H 
decreases, then V will be expected 
to increase. This was found in the 
previous study, although the as- 
sumptions regarding Rr could not be 
evaluated. In the present study ® 
(and thus H) will be controlled ex- 
lly to allow the assumptions 


perimenta 
regarding Rr to be evaluated in a 
multiple-choice, decision-making €x- 


periment. 
METHOD 


The Ss were 48 undergraduate students, 
30 males and 18 females, enrolled in a summer 
course in jntroductory psychology at the 
University of North Carolina. The Ss were 
given course credit for their participation 1n 

"in addition to the amount of 
money they won in the experiment. The Ss, 
who reported individually to a dimly il- 
luminated experimental room, were placed 
in three groups, A, 
order of their appe 


in Group A, 95 2, 


projection scre 
instructions, which differed only in one word 


from Group C to Groups A and B. 

The instructions informed S that his task 
in the experiment required him to guess how 
many 1’s would appear in each of a set of 
80 3 X 3 randomly arranged matrices COM- 
posed of 0’s and 1’s, which would be pro- 
jected onto the screen in front of him. The 
S was told that he would be given & dish 
containing 80 marbles of different colors 
and was to distribute its contents on à board 
with 10 grooves in front of him, putting all 
marbles with the same color in one groove. 
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The detailed procedure was explained by the 
following instructions. 


We shall start after you have distributed 
the marbles on the board. You will make 
your first guess of the number of /'s to be 
shown on the next slide. When you make 
a guess you will take one marble from the 
column corresponding to the number you 
guessed, and place the marble in the empty 
dish. After you have guessed and re- 
moved an appropriate marble the experi- 
menter will show you the slide and pay you 
Scents if your guess is correct. (The money 
you are paid will be accumulated on the 
desk calculator in front of you.) 

Note that the following processes are 
involved in making a correct guess: 


1. The distribution of the dish's con- 
tents on the board. (You can distribute 
the contents as you wish, keeping one color 
to one groove.) 

2. The selection of a particular marble 
for every slide to be shown. (You can 


take any marble in any order that you 
want.) 


Consider these Processes so as to max- 
imize your gain. You probably cannot 
guess correctly every slide but it is im- 
portant for the experiment that you try 
to win as much money as possible. All 
the money you win is yours. 

The same 80 slides will be presented to 
you 6 times, being reshuffled before each 
presentation. The first time will be only 
for practice; you will only guess the num- 
ber of 1’s in slides without actually using 
the marbles. You will not be paid on the 
first time. You will, however, use the 
marbles and be paid on the second, third, 
fourth, and fifth Presentations of the slides, 
For each of these presentations, another 
("the same" instead of “another” for Ss in 
Group C) dish containing 80 marbles will 
be given to you. For the sixth presenta- 
tion of the slides, you will be able to choose 
freely any of the dishes on your right (notice 
that the distribution of marbles is written 
on every dish) and to proceed as before, 
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The E answered questions and summarized 
the main points of the instructions. It was 
made clear to S that when marbles were gone 
from a given column, he would be unable to 
guess the number corresponding to that 
column. The stimuli were then mixed and 
placed in the carriage of a Kodak Carousel 
Projector (Model 510). The proportion 
(ws) of slides having i 1’s is presented in 
Table 1. This is the same stimulus dis- 
tribution [g(s)] as was used previously by 
Messick and Rapoport (1965). 

The experiment proceeded according to the 
instructions. The first presentation of the 
stimuli (Block I) was intended to provide Ss 
of the three groups with partial information 
about g(s), and to acquaint them with the 
Procedure. The three groups differed, how- 
ever, as to the dishes of marbles given to 
them by E at the beginning of each block, 
starting from Block II. The Ss of Group A 
received Dishes No. 1, 2, 3, 4, in this order 
in the beginning of Blocks It, HI, IV; V, 
respectively. The Ss of Group B received 
the same dishes in the same blocks but in 
the reversed order. The Ss of Group C 
received Dish No. 5 for Blocks II-V. The 
distributions of the marbles ($) in the five 
different dishes are presented in Columns 1—5 
in Table 2 along with the H(k), Vmax (k), 
and Vmin (k) for each. 

Each dish fixed the response uncertainty 
for S for a given block to some predetermined 
value, while the allocation of the possible 
responses, which determines Rr, was left to S. 
From the first five entries in the row labeled 
H(k) in Table 2, it is seen that the groups 
differed in terms of H(k). 

For the sixth block, Ss were allowed to 
select any of the 13 dishes of marbles (ds) 
listed in Table 2. They were encouraged 
to take as much time as they wished. After 
Ss made their choices of the experiment 
was terminated and Ss were paid. 


RESULTS 


The expected gain was computed 
separately for every S for Blocks 


TABLE 1 
PROPORTION OF SLIDES 1N Eacu BLOCK or 80 TRIALS 


No. of 1's 0 1 2 3 
in Matrix 


4 5 6 7 8 a 


mi .2250 | .1375 | .1000 | .0750 


-0625 


-0500 | .0500 | .0625 | .0875 | .1500 
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TABLE 2 


ALL 13 


DISTRIBUTIONS OF MARBLES IN 
MIN 


MAXIMUM AND 


DISHES, THEIR UNCERTAINTY, AND THEIR 
IMUM EXPECTED GAIN 


No. of Dish 
Type of No. of Dish (k) 
Marble (7) 
1 2 $8 4 5 6 7 8 9 10 11 12 13 
1 17 3 1 40 25 3 12 16 23 
2 |e | ao | 20 Pk] | | 5 25 js 1205 
3 12 1 24 11 20 16 20 5 5 40 21 2 r 
4 10 20 11 3 16 12 16 3 3 23 4 1 60 
5 8 18 5 2 3 9 14 24 1 9 z 60 9 
6 7 14 4 2 4 8 4 18 28 4 1 1 5 
7 6 | 12 3 1 3 7 3 2 1 1 1 1 0 
8 6 10 2 1 2 5 2 1 1 1 d 1 0 
9 0 0 0 0 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 0 0 0 0 0 
z 80 80 80 80 80 80 80 80 80 80 80 80 80 
Approximate 
H(k) 2.9 2.6 2.3 245| 2.8 2.1 2.5 2.2 1.9 1.6 1.3 1.3 
Vmax (k) 52.75 58.06 65.63 62.44 | 55.87 57.13 | 61.25 65.94 | 71.87 76.06 | 80.31 | 80.44 
Vmin (k) 27.81 | 24.38 23.00 23.56 | 26.19 25.12 | 23.81 22.69 | 21.82 21.38 | 21.25 | 20.94 
II-VI. The expected gain for Block given Dish k. The ratio Rr, defined in 
T with Dish £ is given by Equation 3 was computed for every 
S for every block. The values of 


Va(b) = 5 E FG) 


ini. hs D 


d above, and 
f responses ? 


T 
where m; was define 
F(i,k) is the frequency 9 


1.0 


Fic. 1. 


Rr, which range between 0 and 1, 
measure how well S performed the 
task relative to the range [Vas (£); 
Vinax(#) 1 permitted by Dish k. The 

loser is 


max 
higher the value of Rr the C 


1v 
BLOCKS 


Values of Rr for all groups. 
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TABLE 3 
LOWER TRIANGULAR MATRICES OF CORRELATIONS AMONG RaT 2 II... VD, 
Means (Rr) AND SDs, COMPUTED SEPARATELY FOR EACH GROUP 
Block IL III IV v VI Ky SD 

A 

iid 1.000 .833 .1158 

III 425 1.000 901 -0674 

IV .578* .589* 1.000 .935 .0445 

V 4447 .338 .144* 1.000 .923 .0847 

VI ALT .229 .524* .678 1.000 .914 .0739 
Group B 

il 1.000 .896 .1189 

III -408 1.000 .947 .0465 

IV .226 9T 1.000 .925 .0800 

V —.037 .050 .320 1.000 .933 .0564 

VI -036 .312 219 .585* 1.000 .955 .0559 
Group C 

II 1.000 .830 .2033 

Ill .841* 1.000 .896 .1216 

IV 478 .567* 1.000 -901 0649 

V —.015 E .585* 1.000 .922 .0506 

VI .073 .077 .504* ATL 1.000 948 .0530 
*p «.05. 


S to maximizing the gain given the 
constraint imposed by d. 

The values of Rr averaged over Ss 
within each group, Rr, are plotted in 
Fig. 1. These means with their stand- 
ard deviations are presented in the 
last two columns of Table 3. It is 
immediately seen that the values of 
Fr are very high. Even for Block 
III, Rr>.89 for all three groups. It 
seems that once the uncertainty of 
the response distribution is specified, 
Ss perform the task very efficiently. 


TABLE 4 


ANALYSIS OF VARIANCE, Two-Factor DESIGN 
WITH REPEATED MEASUREMENTS 


Source df MS F 

Beinen kc 
Groups -0248 | 1.253 
Ss Within Groups (Ss) 45 |.0198 
Within Ss maf 
Blocks (B) 3 |.0559| 9.164** 
G XB 6 |.0053| .868 
B X Ss 135 | .0061 

wep < 01. 


The summary of a repeated-meas- 
ures analysis of variance of Rr for 
Blocks II-V is presented in Table 4.2 


? Two points should be noted regarding 
this analysis. First, inspection of the cor- 
relation matrices in Table 3 suggests that 
the assumption of homogeneous variance- 
covariance structure may not be met. Asa 
result of this possibility, the more realistic 
conservative tests suggested by Winer (1962) 
were performed. The results of these con- 
servative tests agree with the results in Table 
4. The second point concerns the logic of 
the test of the conjecture regarding Rr. 
The conjecture is a hypothesis of “no differ- 
ences" and failure to reject the "'no-differ- 
ences" hypothesis is interpreted as support 
for the conjecture. When an argument is 
cast in these terms, as Grant (1962) has 
pointed out, poorly controlled, insensitive 
experiments are more likely to provide 
support for the hypothesis than are larger, 
well-designed studies. However, when theo- 
retical considerations lead to an expectation 
of “no differences," as is the case with the 
conjecture discussed here, alternative pro- 
cedures are not readily available. In any 
case confidence may be placed in the conclu- 
sion that Rr is independent of groups since 
Fas(2, 9) = 3.00, which exceeds the ob- 
served F of 1.253. 
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If, as hypothesized, Rr is independent 
of H, then no main effect for groups 
or interactions involving this factor 
would be expected to reach signifi- 
cance. This part of the conjecture 
is supported by the analysis. On the 
other hand the second part of the 
conjecture, that Rr is independent of 
time, was not confirmed. Rr appears 
from inspection of Fig. 1 to increase 
with blocks independently of the 
values of H encountered, reflecting 
the significant effect due to “Blocks” 
in Table 4. Note, however, that this 
learning effect is rather small. 

For the sixth block, S was per- 
mitted to select any 1 of the 13 
dishes in front of him. The median 
H for the combined groups was 
between 2.3 and 2.2. Dichotomizing 
the choices in terms of H 2 2.3 and 
H<2.2 gives the frequencies in 
Table 5. For this division of choices, 
chi-square with df — 2 is significant 
at the .05 level. It appears that Ss 
in Group B, in which H increased with 
blocks, select dishes with lower Hs 
than Ss in the other two groups. This 
finding may be interpreted as result- 
ing from the fact that Ss in Group B 
in general make less money with each 
successive block of trials as a result 
of the increasing H of the given d. 
In both Groups A and C, Ss tended 
to earn more money as the experi- 
ment progressed. These Ss could 
attribute the increase in their winnings 
to their own improvement rather 
than to the H of the dish they were 
using, while Group B Ss, whose 
performance in terms of Rr increased, 
were compelled to find another ex- 
planation for their decreasing earn- 
ings. An obvious explanation was 
that S earned more with the d's 
having lower Hs than with those 
having the larger. i 

In addition to the investigation of 


variables affecting maximization of 


TABLE 5 


No. OF SS ABOVE AND BELOW THE 
COMBINED MEDIAN 


Group A Group B Group C 
Above 10 5 12 
Below 6 11 4 
x? = 6.60* 
* p <.05. 


gain, another purpose of the present 
study was the further investigation 
of the stability of individual differ- 
ences in maximizing gain. This 
variable has been largely neglected 
in many of the probability-matching 
experiments. The extent of this 
variable was evaluated in the present 
study by computing the correlations 
of Rr for Ss between blocks of trials. 
The correlations, computed separately 
for each group, are presented in 
Table 3. 

The correlation matrix obtained 
for Group A tended to be in accord 
with previous findings, reported by 
Messick and Rapoport (1965), sug- 
gesting that response strategies be- 
come more stable as more experience 
is gained with the task. It is seen 
that for Group A the correlations 
between blocks increased rather regu- 
larly as a function of the block 
number. This was not found for 
Groups B or C. While Group A was 
run under conditions similar to those 
in the previous study (e.g., a decrease 
in H over blocks), different conditions 
were used for Groups B and C, which 
probably caused different and less 
stable strategies. Needless to say 
this interpretation is speculative and 
further verification of the finding is 
needed. 


Discussion 


One major result of this study has 
been to demonstrate the feasibility of 


230 DAVID M. MESSICK AND AMNON RAPOPORT 


decomposing multiple-choice decision be- 
havior into two distinct processes: one 
involving the determination of the 
relative value of the behavior as meas- 
ured by Rr, and the other involving the 
uncertainty of the behavior as measured 
by H. By the very definition of Rr, 
these two measures are logically inde- 
pendent. Efficiency in multiple-choice 
tasks can be improved by increasing 
Rr (with H fixed) and/or by decreasing 
H (with Rp fixed and relatively high). 
Since the present experiment, in which 
H was experimentally fixed for each 
block of trials, is not strictly comparable 
to free-response experiments, the results 
of this study must be viewed as being 
suggestive of what occurs in the free- 
response situation. 

Given this two-process conceptualiza- 
tion of multiple-choice decision behavior, 
an important finding is that Rr, the 
relative value measure is very high. 
Only 4 of the 15 means in Table 3 
are below .90. If this finding can be 
established in free-choice experiments 
it will be of considerable importance to 
the theory of decision making, for it 
will imply that human response strate- 
gies are nearly optimal once H (which 
may be construed as a measure of 
response noise) is accounted for 

The problem of nonoptimality of 
human behavior is thus transformed 
into the problem of response noise and 
its determinants. Can it be reduced or 
eliminated, and if so, how? 

The conceptualization of multiple- 
choice decision behavior presented here 
leads directly to a procedure for making 
point predictions for response prob- 
abilities for all alternatives. These 
predictions can easily be evaluated 


against data obtained in free-response 
experiments. For a block of trials, the 
uncertainty of the response distribu- 
tion, H, is computed by Formula 2. 
Assuming as before that the uncertainty 
function is one-to-one from the d's 
into the real numbers it is possible to 
associate with each H a set of “equal- 
uncertainty" probability vectors. Two 
properties of this set are obvious. First, 
the observed vector of relative fre- 
quencies will be a member of the set, 
and second, each member of the set 
can be obtained from any other member 
of the set simply by permuting the 
components of the vectors. (The second 
property of y depends on the assump- 
tion that H is one-to-one, while the first 
does not. If this assumption is shown 
to be false, point predictions can still 
be obtained, but it is likely that it will 
be necessary to program a computer to 
do so. On the hypothesis that Ss 
maximize expected value, given H, that 
permutation of the observed relative 
frequencies which maximizes V is selected 
as the predicted response probabilities. 
This permutation can be compared with 
actual data as a test of the partial 
maximization hypothesis. 
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PRIMACY OF A FORM CRITERION IN PERCEPTUAL JUDGMENTS?! 


ALBERT S. RODWAN 


Emory University 


9 Ss were each presented with 100 plane figures and told to assign them 
to 1 of 2 categories: "X" or "Y." These judgments were correlated 
with judgments of highly similar plane figures which had been assigned 
to "square" or "rectangle" categories. The mean correlation coefficient 


between the 2 judgments was .971. 


The 2 conclusions were: (a) height- 


width ratio is a prepotent cue and form is a primary judgment; (b) the 
use of the linear discriminant function (LDF) methodology is appro- 
priate in discovering the subjective basis of perceptual judgments. 


In a previous study Rodwan (1964) showed 
that Ss produced larger F ratios when dis- 
criminating squares from rectangles than they 
did when discriminating large from small two- 
dimension figures. The stimuli were 100 dif- 
ferent plane figures. The experiment was a 
2X2 factorial analysis-of-variance design 
with rows being form (either square or 
rectangle) and columns being size (either 
large or small). Thus Ss were presented with 
a plane figure and had to assign it to one of 
four categories: large rectangle, large square, 
small rectangle, and small square. There 
were two measures for each of the 100 
stimulus forms, the height and the width. 
Eight of the 10 Ss showed a larger F ratio for 
the rows, i.e., for the form. That is, for the 
same stimulus set, Ss discriminated rectangles 
from squares better than large from small, 

This study is an attempt to determine more 
directly whether or not Ss would use form 
rather than size as a basis for classifying 
stimuli into two arbitrary categories ("X" 
or “Y”), 

Method.—The stimuli were 100 different 
white plane figures pasted on black construc- 
tion paper and randomly arranged in two 
Plastic loose-leaf notebooks of 50 each. There 
were 10 different heights and 10 different 
widths each ranging from 4.00 to 4.45 in. with 
a constant increment of .05 in. between ad- 
jacent figures. There were, therefore, 10 
Squares, 45 figures shorter than squares, and 
45 figures taller than squares. The viewing 

istance varied from 24 in. to 30 in. to ac 
Commodate each S. Twenty-five percent of 
the trials were sampled and the mean viewing 
time was 1.15 sec. 

The Ss, five males a $ 
undergraduates at Emory Uni 

Hd i y National 
dere dy acute fus. 


nd four females, were 
versity who 


were paid $1.00 for 1 hr. of participation. 

Each .S received two 30-min. sessions on 
2 consecutive days. On the first day .S was 
checked by the Bausch and Lomb orthorater 
and found to have at least 20/20 near 
vision in both eyes and was instructed in- 
formally about the experiment. The major 


points were: 


1. This is a perception experiment. 

2. Your response categories are to be 
"X" and "Y." You are to select your 
own criteria for the response categories 
and our only stipulation is that you 
remain consistent. 

3. You are to look at the stimulus presented, 
respond with "X" or “y” orally, and 
record your response on your data sheet. 


Is were run in this session. 
2, there were 150 random- 
of which the 


Fifty practice trial 
In Session 2, Day ri 
ized stimulus presentations, 


first 50 were practice. ; : 
Results.—For each of these nine Ss a linear 


discriminant function (LDF) was computed. 
The LDF requires S to have and use two 
categories which he defines. It gives the set 
of weights which S used in assigning inputs 
to these two categories. (For more detail on 
the LDF see Rodwan & Hake, 1964.) 

The derived LDF was used to give a 
numerical value to each form used in this 
experiment; furthermore, the theoretical 
“form” axis derived from judgments of 
“square” vs. “rectangle” by Rodwan (1964) 
was also used to give another numerical 
value to each form. These two values were 
then correlated for each S. The mean 
correlation coefficient (F) is .971 with a 
standard deviation of .036. Thus, unity is 
within one sigma unit of the mean and 
therefore the statement that these coefficients 
are unity can be accepted. 
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Discussion.—There are two possible func- 
tions of height and width: the height-width 
ratio (h/w), and the height-width product 
(h X w). Changing height-width ratio pro- 
duces a change in shape; the height-width 
product, or area, is proportional to size. This 
study has demonstrated that the height- 
width ratio is a ‘‘prepotent” cue in judgments 
of plane figures; or that “form” is a primary 
judgmental criterion. 

The notion of a "prepotent" cue and its 
related judgmental criterion is handled by 
Bruner's (1957) concept of access ordering. 
Briefly, access ordering is the ordering of 
judgmental criteria on the basis of either 
importance or likelihood of occurrence. 
Bruner’s idea is that each individual brings to 
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the perceptual situation certain categories 
which are very important to him or which 
he expects with a high probability to be 
relevant. 

In summary, the results of this experiment, 
through the use of the LDF methodology, 
support the notion of the primacy of a form 
criterion in perceptual judgments. 
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TIME ESTIMATION AND INCREASES IN BODY TEMPERATURE 


C. R. BELL 
Medical Research Council Unit, London School of Hygiene and Tropical Medicine 


In an attempt to replicate some early experiments which had shown 
consistent between-Ss changes in time estimation with increases in body 
temperature, Ss in the present experiments were required to (a) count to 
60 at an estimated rate of 1 digit/sec, (b) tap a Morse key at an esti- 
mated rate of 3 taps/sec, and (c) judge when a metronome was beating 
at 4 beats/sec. Body (oral) temperatures were raised by immersion of 


both legs below the knees in a bath of warm water. 


In a previous report to this journal (Bell 
& Provins, 1963), data were examined for a 
relationship between changes in time estima- 
tion and the increase in body temperature 
concomitant with exposure to uncomfortably 
hot environmental conditions. Because no 
clear relationship emerged, it was decided 
to replicate as closely as possible the original 
studies of Francois (1927) and Hoagland 
(1933). , 

Method.—An experimental session lasted 
about 90 min. during which S sat in the 
experimental room, at an air temperature of 
26? C. + 2? C, for 10-15 min. at rest then 
placed his legs, to below the knee, in a bath 
of water at 42? C. which was then gradually 
raised to a comfortable temperature between 
42.5? C. and 43° C. Body (oral) tempera- 
ture was measured from an indwelling sub- 
lingual copper-constantan thermocouple every 
2 min. and an average body temperature 
assigned to each period of time estimation. 
Instruction and practice at each of the three 


These trials were 
The results of 


time-estimation tasks was given to an S 
during the first 10-15 min. after entry into 
the room. Data from these practice runs 
Were not used for analyses. No knowledge 
of results Was given to S throughout the 
experiment, 

Counting task, Each of 7 Ss was asked to 
tap a Morse code key at an estimated rate of 
one tap/sec for 60 taps. The time taken to 
make 60 taps was recorded to the nearest 
0.1 sec. A mean of three estimations was 
taken and this procedure was performed three 
times during the experimental session. 

Tapping task. Seven Ss were each required 
to tap a Morse code key at an estimated 
rate of three taps/sec. The number of 
taps made in a 10.sec, Period was recorded 
(S tapped for periods between 10 and 20 
Sec.) and a mean score calculated over four 
such 10-sec. periods. Three mean tapping- 
rate scores were collected during the experi- 
mental session. 

Metronome task. The S was required to 
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TABLE 1 


MEAN AND SDs or Bopy (ORAL) TEMPERATURES AND 


TIME TAKEN To COUNT AN ESTIMATED 60 SEC., 
No. or Taps AT ESTIMATED THREE Taps/ 
SEC IN 10 SEC., AND BEATS/SEC FRE- 
QUENCY PERCEIVED AS FOUR 
BEaTS/SEC 


Oral Temp. °C. 


Time Taken 
41.42 + 15.5 37.21 + 1.34 
37.18 4 15.5 37.45 + 0.56 
35.37 + 15.8 37.72 + 0.22 
No. of Taps 
29.87 + 11.3 37.18 + 0.64 
30.57 + 6.8 37.49 + 0.41 
32.34 + 7.1 37.68 + 0.43 
Beats/Sec 
5.38 + 0.40 37.19 + 0.32 
5.48 - 0.30 37.38 + 0.45 
5.41 -- 0.22 37.62 + 0.26 


stop a metronome device! which changed its 
beat between two beats/sec and eight beats/ 
sec in either direction over 15, 20, 25, 30, or 
35 sec. when he judged it to be beating at 
exactly four beats/sec. The metronome beat 
was indicated by an on/off tone and a flashing 
neon light. The actual frequency when each 
of eight Ss made his judgment was recorded 
to the nearest 0.01 beats/sec. Àn average 
judgment was taken over 10 runs, 5 ascending 
and 5 descending, and three such average 
estimations were recorded during the experi- 
mental session. 

Results.—Mean overall increases in body 
temperatures were +0.51° C., +0.50° C., 
and --0.43? C. (all significant at $ < .001) 
on the counting, tapping, and metronome 
tasks, respectively. Of the corresponding 
changes in estimations, only the increase in 
speed of counting from lowest to highest 
body temperatures attained statistical sig- 
nificance (£ = 2.68, p < .05). Table 1 shows 
the mean results on the three tasks together 
with the associated mean oral temperatures. 

A product-moment correlation between 
the extent of the rise in oral temperature 
from lowest to highest over all Ss and the 
Corresponding increases in speed on the 


tappi attained statistical significance 
E. p On the counting 


(r = $0.84, p <.05). On. 
and metronome tasks, insignificant en 
tions were obtained of 7 = —0.43 and 


r = +0.34, respectively. " 

Following Hoagland (1933, 1935, 1951) tie 
results from each individual S were plo ed 
on body temperature/event frequen y eS 
ordinates. It will be noted on Fig- 1 throug! 

E Reeves 

! Details of this device may be had from E. S. e 
9f this Medi Council Unit, to whom 
author wishes to acknowledge his gratitude. 


233 


90} 


-30 


n 
4.00327 os 700327 e 700373 


Oral temperature (1/t gpg, ) 


Fic. 1. Plot of speed of counting to 60 as a function 
of body temperature in seven Ss (after Hoagland, 1935). 
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Fic. 2. Plot of estimations of tapping rate of three 


taps/sec as a function of body temperature in seven Ss 
(after Hoagland, 1935). 
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Fic. 3. Plot of jud; 
beats/sec as a functio: 


abs.) 


gments of metronome beat of four 
n of body temperature in eight Ss. 


right to left and that the predicted increases 
in event frequency run from bottom to top. 
These figures confirm the considerable inter-S 
variation in average counting and tapping 
speeds which Hoagland found. They do not, 
however, confirm his finding that there is a 
uniformity of slope between Ss, whether all 
three temperature readings are taken, as in 
the figures, or whether the intermediate 
temperature readings are ignored. 
Discussion.—That there may be some in- 
fluence of increases in body temperature on 
some aspects of time estimation is suggested 
by the significant increase in counting speed 
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GRADED CONTRAST EFFECTS IN THE JUDGMENT OF 


from lowest to highest body temperatures, 
and the significant positive correlation be- 
tween increases in tapping speed and increases 
in body temperatures. It may be that the 
rhythmic activity aspect of time-estimation 
methods has a greater susceptibility to 
changes in body temperature than the per- 
ceptual or intellectual aspects. 

It is probably never possible to replicate 
exactly experimental investigations con- 
ducted 30 yr. earlier by other research work- 
ers, so that differences in results may often 
be justifiably attributed to differences in the 
control of those variables which influence 
the data. However, until these variables 
have been adequately defined and controlled, 
the discrepancies between the conclusions 
of the original and present studies must stand 
to castdoubt on the universality of Hoagland's 
conclusions and on the utility of the ‘chemical 
clock” concept in the understanding of human 
time estimation. 
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LIFTED WEIGHTS! 


VINCENT DI LOLLO? AnD J. H. CASSEDAY 


Indiana University 


6 groups of 16 Ss each judged the h 


or a light series (L) of weights for 
shifted 
groups acted as controls. 

After the shift H was jud 


from adaptation-level theory. 


Di Lollo (1964) demonstrated the occur- 
rence of positive and negative judgmental 


supported in part by a research 
x research Mr QE Graduate School 
grant. first author. We are grateful to Frank Restle 
o n S: 
isi this research. . 
E his intereat University of Western Australia. 


eaviness of either a heavy series (H) 


either 2, 6, or 10 trials and were then 
to the opposite series for 15 add 


itional trials. 2 nonshifted 


Before the shift H was judged heavier than L. 
ged as heavier by the shift- 
the H controls (positive contrast effect), 
lighter by the shift-down groups than by 
contrast effect). The magnitude of the co: 
related to the number of preshift trials, 


up groups than by 
and L was perceived as 
the L controls (negative 
ntrast effects was directly 
in accordance with predictions 


contrast effects following increments or 
decrements, respectively, in the heaviness 
of lifted weights. The results were inter- 
Preted in terms of adaptation-level (AL) 
theory (Helson, 1959) as resulting from the 
remote anchoring effects of the preshift 
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weights on postshift judgment. It may be 
predicted from this theory that the magnitude 
of the contrast effects should be directly 
related to the strength of the remote anchor- 
ing effects. The present study is a test of this 
hypothesis. The strength of the remote 
anchor was manipulated by varying the 
number of preshift trials in independent 
groups of Ss. 

Method.—The method has been described 
in detail elsewhere (Di Lollo, 1964). The Ss 
were 128 undergraduate students at Indiana 
University. They were randomly allocated 
to eight groups of 16 Ss each. Four groups 
judged the heaviness of a series of five light 
weights (L) ranging from 100 gm. to 300 
gm. in steps of 50 gm. Judgments were made 
along a 9-point scale ranging from “very 
very heavy" to "very very light." Three 
groups were then shifted to judge a scries of 
five heavy weights (H) ranging from 400 gm. 
to 600 gm. in steps of 50 gm., while the fourth 
group continued judging the light series. 
The number of preshift trials varied for each 
shifted groups yielding the following four 
conditions: LLio, LHio LHe, LHe (where 
the first letter refers to the preshift series of 
weights, the second to the postshift series, 
and the number subscript to the number of 
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TABLE 1 


ANALYSIS OF VARIANCE OF MEAN JUDGMENT VALUES 
OVER THE Last EIGHT Postsuirt TRIALS 


s le] s 
Pi hift Weight (W) 1 ae 
Preshift Trials (T) 3 E^ 
W XT 3 | 8.20% 
Error (MS) 120 | (2465) 
“+p <.001. E 


preshift trials). All groups received 15 post- 
shift trials. On each trial S judged all five 
weights in the relevant series, randomly pre- 
sented. The remaining four groups received 
the same treatment as the first four, with the 
series of weights reversed (HH;o, HLio, HL, 
HL). The experiment proceeded smoothly 
from the preshift to the postshift stage with- 
out any interruption or warning to .S. 

Results and discussion—Each judgment 
was assigned a numerical value between 9 
(very very heavy) and 1 (very very light), 
and the five responses in each trial were 
averaged to yield the mean judgment value 
for each S on each trial. Mean judgment 
values for each group averaged over the last 
eight trials of the postshift stage are shown 
in Fig. 1. The results of an analysis of 
variance performed on these scores are 
summarized in Table 1. 

The occurrence of positive and negative 
contrast effects reported by Di Lollo (1964) 
is confirmed by the present results. The 
graded nature of the effects as a function of 
preshift practice, illustrated in Fig. 1 and 
supported by the significant interaction effect 
(Table 1), is in line with prediction from AL 
theory. A trial-by-trial plot of the mean 
judgment values for each group throughout 
the experiment was entirely similar to that 
reported by Di Lollo (1964). A similar plot, 
expressed in terms of AL values, was also 
like that reported by Di Lollo (1964), includ- 
ing a paradoxical below-zero decrement of 
the mean AL values following the shift in all 
LH Groups. The magnitude of the drop was 


not, however, related to the number of pre- 


shift trials. 
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University of California, Berkeley 


This study investigates unlearning of 1st-list associations as a function 
of the number of different new responses attached to the original stimuli 
during a fixed period of interpolated learning. In an RI design the work 
groups received 16 interpolated trials which were distributed over 1, 2, 
or 4 different lists. Retention was measured by unpaced free recall and 
by S-R matching. By both measures RI increased with the number 


of interpolated lists. 


quency of unreinforced evocations of orig 
amount of unlearning, vary inversely with the 


attained by the interpolated habits. 


When successive lists of paired 
associates conform to the A-B, A-C 
paradigm of negative transfer, first- 
list associations are unlearned during 
the acquisition of the second list. 
Tests of modified free recall (M MFR), 
which minimize the role of response 
competition and list differentiation, 
show that the association of the first- 
list responses to the environmental 
Context as well as to the specific 
stimulus terms is weakened during 
Second-list learning (Barnes & Under- 
Wood, 1959; McGovern, 1964). On the 
C 1 This research was carried 
wOntract Nonr 222 (90) between t 
f aval Research and the 


out under 


i the Institute of Human Learning, 
S ported by a grant from 
nce Foundation. 


The results support the conclusion that the fre- 


inal responses, and hence the 
degree of dominance 


assumption that unlearning has the 
functional characteristics of extinction 
(Briggs, 1954; Melton & Irwin, 1940; 
Underwood, 1948) the amount of un- 
learning should depend on the fre- 
quency with which first-list responses 
are elicited without reinforcement 
during interpolated learning (1L). 
Some support for this assumption was 
obtained in an earlier study (Postman, 
Keppel, & Stark, 1965) which in- 
vestigated unlearning as a function of 
the similarity of the response classes 
in the successive lists. The proba- 
bility of first-list responses occurring 
as explicit or implicit errors during the 
acquisition of the second list, and 
hence the degree of unlearning, were 
expected to be greater when the 
response class remained the same than 
when it changed. The differences in 
the amounts of retroactive inhibition 
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(RI) as measured by an unpaced test 
of free recall bore out this expectation. 
The frequency with which old 
habits are elicited and subjected to 
extinction should depend not only on 
the similarity of the successive re- 
sponse classes but also on the degree 
of dominance achieved by the new 
habits. As the new response to a 
given stimulus gains in strength, it 
becomes less likely that the old re- 
sponse will occur as an explicit or 
implicit error. During a fixed period 
of IL, the level of dominance attained 
by the new habits will vary inversely 
with the number of different new 
responses attached to each of the old 
stimuli. Thus, the larger the number 
of different responses, the longer 
should the original response continue 
to be elicited as an error during IL. 
It follows that the degree to which 
first-list associations are unlearned 
should increase with the number of 
new lists practiced during a given 
period of IL. This hypothesis is 
tested in the present experiment. 

'The predicted results would be 
consistent with known facts concern- 
ing the dependence of RI on the 
degree and amount of IL. (a) In- 
creases in RI as a function of the 
number of trials on a single inter- 
polated list are rapid at first but level 
off thereafter (Briggs, 1957; Melton & 
Irwin, 1940; Thune & Underwood, 
1943). The same relationship obtains 
in MMFR (Barnes & Underwood, 
1959) so that extinction of first-list 
associations remains incomplete even 
after a very high degree of IL. Ac- 
cording to the present interpretation, 
RI will increase with the number of 
trials in IL as long as first-list re- 
sponses continue to be elicited as 
errors and thus are subjected to ex- 
tinction. However, the rate of such 
unreinforced elicitations will diminish 
progressively as the interpolated re- 


sponses become dominant. (b) A 
finding which bears directly on the 
present problem was reported by 
Underwood (1945) who compared the 
effects on RI of successive interpola- 
tions of different lists and of equiv- 
alent increases in the number of trials 
on a single interpolated list. With 
recall measured by the method of 
anticipation, the addition of new lists 
produced larger increases in RI than 
did continued practice on a single list. 
The present experiment is designed 
to determine whether such a diver- 
gence between the two conditions of 
interpolation reflects differences in the 
amount of unlearning. 


METHOD 


Design.— he conventional design for the 
measurement of RI was used. "There were 
three work conditions and a control condition. 
After learning a first list of paired associates 
to a criterion of 10/12, the work groups were 
given 16 trials of IL in which new responses 
were attached to the old stimuli. The three 
work groups differed with respect to the 
number of different lists used in IL. In Cond. 
IL-1 a single list was practiced for the entire 
16 trials, in Cond. IL-2 there were two 
successive lists given 8 trials each, and in 
Cond. IL-4 there were four successive lists 
with 4 trials on each. The control Ss (Cond. 
IL-0) learned and recalled only the first list. 
Two methods of measuring retention were 
used: (a) MMFR, and (b) S-R Matching, in 
which S is supplied with a list of the correct 
responses and is required to match them with 
the appropriate stimuli. For purposes of 
assessing the relationship between the two 
methods, one half of the Ss in each condition 
was tested by MMFR first and by S-R 
Matching second (Successive Test groups); 
the other half was tested by S-R Matching 
only (Matching-Only groups) With four 
conditions of training and two procedures 
of testing, the total design comprised eight 
treatment combinations. 

Materials.—-There were five lists of paired 
associates (the number required for Cond. 
IL-4). Each list consisted of 12 pairs, with 
CVC trigrams as stimuli and two-syllable 
adjectives as responses. ‘The same stimulus 
terms were used in all lists. The trigrams had 
association values from 45 to 55% (Archer, 
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Intralist similarity of the stimulus 
'There were 


1960). 
terms was kept at a minimum. 
no repetitions of consonants in the first 
positions or the third positions. Sixteen 
consonants were used once, and four conson- 
ants were used twice, once in the first and 
once in the third position. Five vowels and 
the letter y were used twice each in the middle 
positions. 

. In the selection of adjectives from available 
lists (Haagen, 1949; Melton & Safier in 
Hilgard, 1951; Thorndike & Lorge, 1944), 
every effort was made to minimize both 
meaningful and formal similarity within lists 
and between lists. Initial letters were not 
duplicated in any of the lists. Responses 
attached to the same stimulus in successive 
lists not only had no apparent meaningful 
relationship but also had different initial 
letters and different final syllables. 

The combinations and sequences of lists 
were balanced so that each of the five lists 
(a) was used equally often as the first list, 
(b) appeared equally often in each of the 
positions of interpolation. used in à given 
condition, and (c) preceded and followed 
every other list equally often. 

Procedure.—he lists were learned by the 
anticipation method at a 2:2-sec. rate, with 
an intertrial interval of 4 sec. Four different 
orders of presentation were used to minimize 
serial learning. Each of these orders was 
used as a starting order equally often. 

The first list was learned to a criterion of 
10/12. After attainment of this criterion, 
all work groups were given the same in- 
structions for IL. The Ss were informed that 
the stimuli would remain the same but that 
the responses would be new and might change 
again. Ifsucha further change were to occur, 
it would be announced by E (during the 
intértrial interval). The Ss were requested 
to guess what the new words might be on the 
first trial of each new list. This procedure 
Was introduced in order to equalize the op- 
Portunities for elicitation of first-list responses 
under all conditions of interpolation. In 
Cond, IL-2 and IL-4 it was necessary to shift 
the window of the memory drum from the 
right-hand to the left-hand side between the 


eighth and ninth trials of IL. The same pro- 
ond. IL-1 in order to 


tedure was used in C "a 
"sure uniformity of procedure. For this 
Purpose an intertrial interval of 30 sec. was 
Ntroduced between Trials 8 and 9. es 

min. 


rial began 
A series of 
by the con- 
by IL 


S the interpolated materi? 
adn, the end of List 1 learning: 
EET ENG problems was solved by 

groups during the period occupie 
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for the work groups. The total retention 
interval was 18.5 min. for all groups. 

The MMFR test was administered in 
written form. The stimulus terms were typed 
in a column; next to each stimulus there were 
as many blanks as there had been different 
responses paired with it, iLe., one blank for 
Cond. IL-0, two blanks for Cond. IL-1, etc. 
The order in which the stimulus terms were 
arranged was the same as would have been 
used on the next anticipation trial on List 1 
if learning had continued. Thus, there were 
four different forms of each MMER test. The 
Ss were instructed to write the responses 
paired with each stimulus in the appropriate 
blanks in whatever order occurred to them. 
At the bottom of the recall sheet blanks were 
provided for words which Ss could recall but 
were unable to assign to a specific stimulus. 

A period of 5 min. was allowed for MMFR, 
which was fully sufficient for completion of 
the test under all conditions. 

The S-R Matching test was also written. 
The stimulus terms and the lists of responses 
were typed in parallel columns. For the work 
conditions the successive lists of responses 
were arranged in order of acquisition. The 
stimulus terms were presented alphabetically 
as were the responses in each list; the latter 
were also numbered 1-12. For each list there 
was a column of 12 lines in which S filled in the 
numbers of the responses matching the stim- 
ulus items. The test was self-paced. 

For the Successive Test groups the match- 
ing procedure followed immediately after the 


completion of MMER. The interval between 


the end of first-list learning and the matching 
for the 


procedure was exactly the same t 
Matching-Only groups as for the Successive 
Test groups. During the 5-min. interval used 
for the MMFR test in the successive pro- 
cedure, the Matching-Only groups solved a 
series of mathematical problems. This ar- 
rangement made it possible to evaluate the 
effect of a preceding MMFR test on matching 


performance. 

Subjects—A total of 160 Ss, 20 in each of 
the eight treatment combinations, served in 
the experiment. The Ss were assigned to 
conditions in blocks of eight, with one S from 
each treatment combination per block. The 
running order within blocks was determined 
by means of a table of random numbers. 
Assignments to combinations and sequences 
of lists and starting orders were also ran- 
domized, with the restriction that these 
assignments be balanced within each treat- 
ment combination. There were no restric- 
tions on selection of Ss, most of whom had 
participated in other studies of verbal learn- 
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TABLE 1 
MEAN NUMBERS OF CORRECT ANTICIPATIONS 
IN IL 
Cond. 
List 
IL-1 IL-2 IL-4 
2 130.4 42.8 11.2 
3 — 43.4 9.8 
4 = = 10.6 
5 € = 10.3 
Total 130.4 86.2 41.9 


ing. No Ss were lost because of failure to 
learn. 


RESULTS 


First-list learning.—The mean num- 
ber of trials to criterion on List 1 for 
the combined groups was 10.0 (SD 
=5.2). The means of the eight 
individual groups ranged from 7.8 to 
11.8, but these variations are not 
significant. After log transformation, 
which was used because of the skew- 
ness of the distributions, F (7, 152) 
= 1.30. 

Interpolated learning —Table 1 pre- 
sents the mean numbers of correct 
responses on each of the interpolated 
lists learned by a given work group as 
well as the totals for the entire period 
of IL. The results for the Successive 
Test groups and the Matching-Only 
groups were closely similar in each 
case and have been combined. The 
total numbers of correct responses 
show large and significant decreases as 
a function of the number of inter- 
polated lists, F (2, 117) = 136.36, 
p < .001. These decreases reflect the 
differences between continued practice 
of old associations and acquisition of 
new associations under conditions 
of negative transfer. Moreover, the 

opportunities for correct responding 
declined with the number of trials— 
1, 2, and 4, respectively—required for 
the presentation of new sets of re- 


sponses. llowever, the differences in 
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the total numbers of correct anticipa- 
tions substantially exceed the varia- 
tions in opportunities. 

In Cond. IL-2 and IL-4 there are 
only minor fluctuations in the num- 
bers of correct responses on successive 
interpolated lists. Improvements due 
to learning to learn are negatively 
accelerated (e.g., Thune, 1951) and' in 
the present case are also counteracted 
by the cumulative effects of negative 
transfer. The net result is a stable 
level of performance over the succes- 
sive phases of IL. 

Interlist intrusions.—The frequen- 
cies of List 1 responses occurring as 
intrusions during IL were as follows, 
with the numbers of Ss contributing 
them given in parentheses: 53 (15) 
for IL-1, 43 (17) for IL-2, and 55 (17) 
for IL-4. The percentages of the 
total frequencies which were given to 
the appropriate stimulus terms were 
57, 58, and 69, respectively. The low 
absolute frequencies of interlist in- 
trusions are characteristic of the A-B, 
A-C paradigm. Less than half the Ss 
in each condition of interpolation gave 
any intrusions at all; the mean num- 
ber of intrusions during the entire 
period of IL is of the order of 1 per S. 
These results indicate that the level of 
list differentiation was high and that 
Ss were successful in recognizing and 
rejecting incorrect responses. 

There are no appreciable differ- 


TABLE 2 


PERCENTAGES OF INTERLIST INTRUSIONS 
FROM DIFERENT Lists 
IN Conn. IL-4 


Place of Occurrence 


Source 

List 2 List 3 List 4 List 5 
List 1 100 33 22 14 
List 2 — 67 14 5 
List 3 = = 63 20 
List 4 —— — — 62 
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TABLE 3 


MEAN NUMBERS OF Correct Responses IN MMFR 


Responses 
Cond. List 1 List 2 List 3 List 4 List 5 
Str. Len. Str, Len. Str. Len. Str. Len. Str. Len. 
IL-0 10.6 10.8 
IL-1 6.6 7.1 11.9 12.0 = 
IL-2 5.3 9:7 5.8 6.2 9.8 10.2 — — = = 
IL-4 4.3 4.7 2:9 34 3.4 3.9 44 4.9 7.0 7.7 


Note.—Str. = stringent scores; Lei 


ences in the numbers of intrusions 
among the work conditions. On the 
basis of relative associative strength 
alone, List 1 intrusions should increase 
with the number of lists. However, 
list differentiation increases with the 
disparity in strength between compet- 
ing response systems (Underwood, 
1949), and on that basis the proba- 
bility of overt List 1 intrusions should 
vary inversely with the number of 
interpolated lists. The small varia- 
tion in the actual frequencies of such 
errors points to a balance between the 
effects of associative strength and list 
differentiation. If this analysis is 
correct, it may be assumed that the 
frequency of implicit List 1 intrusions 
increased progressively with the num- 
ber of lists. 

Evidence for the sustained com- 
petitive strength of List 1 responses is 
provided by their persistence as overt 
intrusions throughout IL. In Cond. 
IL-2, 31% of all intrusions during the 
acquisition of List 3 were List 1 re- 
sponses, The relative persistence of 
intrusions from List 1 and from sub- 
Sequent lists can be compared directly 
for Cond. IL-4. Table 2 shows for the 
Successive interpolated lists the dis- 
tribution of intrusions, i.e, the per 
centages that responses from each of 
the preceding lists are of the total 
Tequencies, In each case the highest 


n. = lenient scores. 


percentage of intrusions is from the 
immediately preceding list. This pat- 
tern indicates, in agreement with 
earlier findings of Underwood (1945), 
that level of differentiation varies 
inversely with the degree of con- 
tiguity of the lists in acquisition. It 
is also apparent that responses from 
List 1 are more persistent as intrusions 
than responses originating from other 
lists. Thus, with degree of contiguity 
held constant, List 1 remains a more 
likely source of intrusions than the 
other lists. For example, 33% of the 
intrusions during the acquisition of 
List 3 come from List 1, but only 
14% of the intrusions during List 4 
learning come from List 2. When the 
conditions of differentiation are com- 
parable, differences in the associative 
strength of competing responses are 
reflected in the frequency of intrusions. 

Recall.—Table 3 shows the mean 
numbers of correct responses on the 
MMFR test. The stringent scores 
are based on responses given to 
the appropriate stimulus; the lenient 
scores are based on all responses re- 
called from a given list, regardless of 
whether or not they were given to the 
appropriate stimulus. The stringent 
scores for List 1 responses provide the 
basic measure of differences in recall 
as a function of the conditions of 
interpolation. These scores (a) are 
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substantially lower for all work groups 
than for the control group, and (b) 
decline monotonically as a function of 
the number of interpolated lists. 
Analysis of variance (following a 
Freeman-T ukey square-root transfor- 
mation to remove heterogeneity of 
variance) shows the differences among 
the conditions to be highly significant, 
F (3, 76) = 29.56, MS, = .73, 
p < .001. Orthogonal comparisons 
yield reliable differences between the 
control condition and the combined 
work conditions on the one hand, and 
among the three work conditions on 
the other, F (1,76) = 75.45 (p < .001) 
and F (2, 76) = 6.62 (b < .01), re- 
spectively. Thus, the amount of RI 
varies significantly with the number 
of interpolated lists. The lenient 
scores are slightly higher than the 
stringent scores but the increases are 
comparable for all conditions and 
leave the pattern of differences among 
conditions unchanged. 

There is no apparent forgetting for 
the responses of the final interpolated 
list. The mean numbers correct on 
the last interpolated trial were 11.7 
for IL-1, 9.0 for IL-2, and 5.8 for IL-4, 
These values may be compared with 
stringent MMER scores for the final 
list of 11.9, 9.8, and 7.0, respectively. 
The increases between acquisition and 
recall may be attributed to learning 
on the last training trial and to the 
advantage of unpaced MMFR over 
paced anticipation. In Cond. IL-2 
and IL-4 the numbers of interpolated 
responses recalled increase with the 
ordinal position of the list. While 
these trends probably reflect the 
differential opportunities for unlearn- 
ing of the successive lists, they cannot 
be so interpreted because of the con- 
comitant variations in the length of 
the retention interval. As in the case 
of List 1, the lenient scores are slightly 


higher than the stringent scores but 
leave the pattern of results unchanged. 
Errors in recall.—When the criteria 
of stringent scoring are applied, two 
types of intralist errors can occur in 
MMEFR: (a) misplaced responses, i.e., 
responses from within the list given 
to an inappropriate stimulus, and (b) 
unassigned responses, i.e., those given 
at the end of the test which S was un- 
able to connect with a specific stim- 
ulus. The frequencies of misplaced 
responses were as follows, with the 
numbers of Ss contributing them 
given in parentheses: 8(5) for IL-0, 
7(5) for IL-1, 4(4) for IL-2, and 5(5) 
for IL-4, The corresponding values 
for unassigned responses were 0(0), 
5(4), 6(4), and 3(3). The numbers of 
both types of errors are uniformly 
small, and there are no apparent 
systematic trends. 
* Matching.—The mean numbers of 
items correct on the S-R Matching 
test are presented in Table 4. The 
scores of the Matching-Only groups 
and the Successive Test groups are 
shown. While the absolute level of 
performance on List 1 is considerably 
higher than in MM FR, the matching 
Scores again decline progressively as 
a function of the number of inter- 
polated lists? An overall analysis of 
variance (following a Freeman-Tukey 
Square-root transformation to elimi- 
nate heterogeneity of variance) shows 
the differences among the conditions 
of interpolation to be highly signifi- 
cant, F (3, 152) — 15.61, MS — 51, 
P < 001. For the difference between 
the control and combined work condi- 
tions FP (1,152) = 40.35, p < .001; 


? It was not considered necessary to correct 
the matching scores for guessing since the 
main interest was in the differences among the 
conditions of interpolation. A large difference 
between the levels of MMER and match- 
ing would, of course, remain after such à 
Correction. 
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TABLE 4 


Mean NUMBERS CORRECT ON S-R MATCHING TEST 


Responses 
Cond. List 1 List 2 List 3 List 4 List 5 
MO ST MO ST MO ST MO ST MO ST 
IL-0 11.7 11.4 — A = E = — — — 
IL-1 9.7 9.7 11.8 11.8 — — 
IL-2 8.7 9.1 9.6 9.0 11.1 10.4 = — — — 
IL-4 8.2 8.9 6.3 6.5 6.3 6.7 6.9 74 84 8.2 


Note.—MO = Matching-Only groups; ST = Successive Test groups. 


for the variation among the work con- 
ditions F (2, 152) = 3.25, p < .05. 
The differences between the two 
procedures of testing are small, but 
they appear to follow a systematic 
trend. While the Matching-Only 
group has a very slight advantage in 
Cond. IL-0, there is a progressive 
shift in favor of the Successive Test 
groups as a function of the number of 
interpolated lists. As a net result, the 
variation among the work conditions 
is somewhat more pronounced for 
the Matching-Only groups than for 
theSuccessive Testgroups. However, 
the overall difference between the two 
test procedures is not significant and 
also does not interact reliably with the 
number of interpolated lists (F<1 in 
both cases). Under both procedures 
the numbers of correct matches for 
the interpolated lists show the same 
trend as the MMFR scores, i.e., per- 
formance improves with recency of 
acquisition. 
Relationship between " 
"alching.—An item analysis was car 
tied out to determine the relationship 
etween recall and matching when 
these two tests were taken 1n, succes- 
Sion, The conditional probabilities o 
a correct match, given reca 
MMFR, are .995 for IL-0, .985 for 


aed, 943 for IL-2, and .942 for IL-4. 
he conditional probabilitie 


recall and 


s of a 


correct match, given failure to recall 
in MMFR, are .643, .596, .604, and 
.630, respectively. Once an item has 
been recalled, it is almost certain 
under all conditions to be matched 
correctly as well; there is only a very 
slight decline in the conditional proba- 
bilities as a function of the number of 
interpolated lists. Similarly, there are 
only minor variations in the proba- 
bilities of a correct match following a 
failure of recall. Thus, the relation- 
ship between the two measures of re- 
tention remains nearly constant under 
different experimental treatments. 


DISCUSSION 


Retroactive inhibition in MMFR and 
S.R matching was found to increase with 
the number of interpolated lists, i.e., the 
retention loss varied inversely with the 
number of correct responses during a 
fixed period of IL. This relationship had 
been predicted on the assumption that 
the greater the degree of dominance 
achieved by interpolated responses, the 
less frequent would be the unreinforced 
elicitation of the original associations. 
Thus, the development of strong new 
habits appears to protect the old ones 
from continued extinction. Since these 
results were obtained on tests which 
minimize the effects of response com- 
petition and list differentiation, the varia- 
tions in RI are likely to reflect differences 
in the amount of unlearning. 
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The analysis of interlist intrusions 
during IL gives only indirect support to 
the assumption that the development of 
strong new habits protects old responses 
from being elicited as errors. In spite 
of the fact that list differentiation 
typically increases with the difference in 
strength between competing responses, 
the frequency of interlist intrusions failed 
to decline with the number of inter- 
polated lists. In addition, List | 
responses were more persistent as intru- 
sions under conditions of multiple inter- 
polation than were responses from other 
lists. However, the absolute frequencies 
of overt intrusions were extremely low, 
as they usually are in experiments using 
the A-B, A.C paradigm with familiar 
words as responses, It is reasonable to 
Suppose, therefore, that the large ma- 
jority of intrusions was implicit rather 
than explicit, The numbers of overt 
intrusions thus Provide only very limited 
information about nonreinforced oc- 
currences of List 1 responses during IL. 

Performance in S-R matching is sub- 
Stantially higher than in MMFR, but 
the two methods of measuring retention 
yield entirely consistent trends, Correct 
performance in MMFR depends on both 
the availability and the correct place- 
ment of responses, Le., it requires that 
the associations with the specific stimulus 
terms as well as with the environmental 
context remain intact, Success in S.R 
matching is exclusively a function of the 
strength of specific associations. Both 
classes of associations are influenced by 
the conditions of interpolation in parallel 
ways. The difference in level of perform- 
ance between the two tests indicates, 
however, that the availability of re- 
sponses declines more rapidly than the 
retention of specific associations, The 
differential sensitivity of the two tests 
is reflected in the relationship between 
recall and matching which obtained for 
individual items under conditions of suc- 
cessive testing. The responses matched 
correctly included not only virtually all 
those recalled in MMFR but also more 
than half of those which had not been 


1. 
eee provided by the MMFR 


test did not result. in reliably higher 
matching scores for the Successive Test 
groups than for the Matching-Only 
groups. The responses given in MMFR 
were those most resistant to extinction 
and were likely to be matched correctly 
regardless of prior rehearsal. Misplaced 
responses in MMFR were rare, so that 
the persistence of errors is not likely to 
have counteracted to any substantial 
degree positive effects of rehearsal of 
Correct responses, An interpolated test 
is most likely to influence subsequent 
performance if it permits the rehearsal of 
associations of marginal strength which 
are liable to be forgotten without such 
additional practice, There does, in fact, 
appear to be a systematic trend toward 
an increasing advantage of the Successive 
Test groups over the Matching-Only 
groups as a function of the number of 
interpolated lists, This trend might be 
attributed to Progressively higher pro- 
Portions of associations of marginal 
strength which were reinforced by re. 
hearsal. In view of the small and un- 
reliable differences between the condi- 
tions of testing it is possible to conclude, 
however, that the interpolation of MMFR 
does not introduce a Serious bias in the 
assessment of matching performance. 
Finally, the question should be con- 
sidered of Whether the variations in RI 
may be due, at least in part, to differences 
in the amount of responding required on 
the tests of retention. This possibility 
applies especially to the MMER test in 
Which S was required to recall all the 
responses associated with a given stim- 
ulus. The larger the number of inter- 
polated lists, the more different responses 
were likely to intervene between succes- 
sive List 1 Tesponses. Such intervening 
recalls are g potential source of interfer- 
ence, e.g., they might Provide additional 
OPPortunities for unlearning or disrupt 
associations among the responses within 
a list, here are several findings which 
make it unlikely, however, that interfer- 
ences developed during the test played a 
significant part in determining the ob- 
Served differences in RI. (a) There is 
no evidence for differential forgetting of 
items from the final interpolated list 


UNLEARNING WITH SUCCESSIVE INTERPOLATION 


which would be subject to the same 
interferences during the test. In fact, 
the gain between the last trial of IL and 
MMFR increases with the number of 
interpolated lists, as would be expected 
since the amount of improvement on the 
final trial should vary inversely with the 
level of performance. (b) There are no 
progressive increases in the frequencies 
of misplaced and unassigned responses 
as a function of the number of lists. 
(c) The trends in RI for the Matching- 
Only groups parallel those obtained in 
MMFR. The responses to be matched 
were segregated according to list. The 
arrangement of items and the method of 
recording the matches were such as to 
lead S to proceed from one list of re- 
sponses to the next. Nevertheless, the 
pattern of differences in matching is the 
same as in recall. Thus, it remains likely 
that the amounts of RI were determined 


primarily by the conditions of IL. 
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by use of echoes was measured. S was instructed and trained to 
respond to the presence or absence of these targets after uttering any 
sound of his choice. Response thresholds were obtained for various 
size targets at distances ranging from 24 to 108 in. As distance in- 
creased, threshold target size increased. The mean auditory angle 
subtended by a target calculated to be at threshold was 4.63° with an 
SD of .21?. These data Provide a basis for comparing performance 


using a vocal echo signal with performance using signal characteristics 


The ability of 5 blind Ss to detect metal discs placed in front of them 
as independent variables, 


In recent years the works of Griffin 
(1958), Kellogg (1961), and Rosen- 
zweig, Riley, and Krech (1955), have 
all demonstrated the ability of non- 
human species to use auditory in- 
formation, particularly echoes, in 
navigational and food-seeking activi- 
ties. It has also been learned through 
the work of Supa, Cotzin, and Dallen- 
bach (1944), and others, that both 
blind and normal people can use 
echoes effectively to avoid obstacles 
which loom in their path. The names 
"facial vision," "echo location," and 
"echo detection" have been applied 
to this sonic distance-sensing tech- 
nique. The great differences in the 
psychobiology of the bat, porpoise, 
rat, and human echo detectors makes 
direct comparison of their abilities 
difficult, to say the least. Few meas- 
urements have been made which 
quantify the limits of echo-detection 
ability of any Species, though some 
efforts in this direction have been 
made with humans by Kohler (1964), 
Myers and Jones (1958), and Kellogg 
(1962). Evidence which has been 
1This investigation was supported in 
whole by Public Health Service Research 
Grant NB 04738 from the National Institute 
of Neurological Diseases and Blindness. The 
authors are indebted to W. N. Kellogg, who 
initiated this project. 


presented to date suggests that the 
nonhuman species are more skillful 
than humans and that they are 
biologically better prepared for ob- 
taining information from echoes. 

The physics of sound indicates that 
the higher the frequency of a sound, 
the better the resolution of the echoes 
reflected from small targets or ob- 
stacles and, hence, the better the 
acuity for echo-detection tasks. Since 
bats and porpoises have the ability to 
emit and perceive sounds well above 
the frequency response range of the 
human auditory apparatus, it seems 
reasonable to expect that human Ss, 
unaided by technical assistance, would 
have considerably less ability than 
these nonhumans on echo-detection 
tasks. The current study is designed 
to secure a measure of echo-detection 
ability which represents S’s skill using 
only his natural vocal resources, Spe- 
cifically, response-threshold measure- 
ments were made of the ability of 
blind Ss to detect different size stimuli 
at several distances, as an index of 
“echo acuity.” 


METHOD 


Subjects.—The Ss were five blind males, 
ranging in age from 23 to 30 yr. All Ss had 
been blind for at least 5 yr. They were 
selected on the basis of: (a) ‘near total blind- 
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ness, (b) the ability and inclination to travel 
with relative independence in the course of 
daily work or recreational activities, (c) at 
least normal intelligence as measured by 
having made satisfactory progress during 
their school careers, (d) relatively normal 
audiograms, Three Ss had no light percep- 
tion whatever, while the other two could 
detect very bright light if shone directly into 
the eye. The audiograms for all but one S 
were within the normal limits of hearing. 
This S (DB) had a "sensorineural loss of mild 
degree." The Ss were paid an hourly wage 
and appeared to be well motivated throughout 
testing. 

Apparatus.—The research was carried out 
in a laboratory designed to provide a near 
constant auditory environment. The room 
was 12 X 24 X 9 ft. The walls and ceiling 
were covered with acoustical tile and the 
floor with a wall-to-wall carpet. Isolation 
from external noise was obtained by use of 
double doors and walls with intermediate air 
spaces. ‘The modal noise-level measurement 
was 42 db. on a General Radio 1551C sound- 
level meter C scale, 32 db. on the B scale, and 
26 db. on the A scale. Within the room, 5 ft. 
from the wall and parallel to the 12-ft. 
dimension, an 8-ft. wide partition extended 
from floor to ceiling. It was also covered 
with acoustical tile. This partition served as 
the background for stimuli presented to Ss. 
The stimuli were circular, .050-in. thick 
aluminum discs of varied size. A general view 
of the laboratory room and apparatus is shown 
in Fig. 1. 

The apparatus for presenting the stimuli 
extended down through the ceiling from a 
cupola on the roof. A metal track by which 
the stimuli could be raised and lowered into 
position extended 30 in. beneath the ceiling. 
It was located 4 ft. in front of the partition 
and 6 ft. from either side wall. Stimulus 
targets were presented to S at approximately 
ear level. This was accomplished by attach- 
ing them, by means of a permanent magnet, 
to a lin. square rod, and lowering the rod 
along the track to the floor. An apex of this 
rod was toward S. A quiet Slo-syn motor 
Was used to move the stimuli up and down 
the track. The S was seated in a testing 
chair before the partition and at the appro- 
priate distance from a target. The chair legs 
were placed in a metal channel, thus assuring 

ion to the target. An ad- 


the proper orientation à nde 
justable headrest on the chair was equippe 


With a microswitch and buzzer that signaled 
S when his head moved too far forward. In 
Order to control further for auditory and 
visual cues, Ss were blindfolded and a white 


Fic. 1. View of S and apparatus with — ] 
target in position for judgment. 


noise source located above S's head was 
activated between trials. 

Procedure.—The training of Ss was divided 
into two parts: a pretraining procedure and a 
warm-up period designed to maintain reliable 
performance. 

Pretraining began during the initial visit 
to the laboratory. After examining the 
laboratory, S was seated in the testing chair 
and standardized instructions were read. 
The S was told to begin his chosen “noise” 
after the “ready” signal and then to make his 
judgment as to presence or absence of the: 
target on future trials. 

The S’s chair was then adjusted so that 
there was a distance of 18 in, from his ears 
to the target. A target, 19.4 in. in diameter, 
was positioned in front of S. He was then 
required to utter some sound on the signal 
"ready" and to make a judgment of “yes” 
or "no" as to presence or absence of a target. 
This sound was to be any vocalization of S's 
choice which he felt enhanced his ability to 
detect the targets. A series of practice trials 
was run, using an equal number of target and 
no-target trials in a counterbalanced order. 
The S was given immediate feedback concern- 
ing the accuracy of his judgment. When S 
could successfully discriminate between target 
and no target, a new, smaller target was 
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introduced. This procedure was continued 
until the smallest target estimated to be 
detectable with 90-100% accuracy was found. 
This target was then used as the /argest in a 
series of five subsequent stimuli. Each of the 
four smaller targets was 60% by area of the 
next larger. A randomized series of 100 
presentations of each of the five discs in this 
series and 100 no-target trials was then judged 
by S without feedback; the results constituted 
the echo-acuity data at that distance. 

A similar, but abbreviated, procedure was 
followed in locating a range of five targets 
suitable for measuring echo-detection ability 
at 24, 30, 36, 42, and 48 in. In addition to 
these five distances, it was felt desirable to 
make some measurements of the maximum 
distance at which targets could readily be 
discerned. Accordingly, three measurements 
were made beyond 48 in., extending the 
distance to a maximum, allowable by the 
apparatus. The data obtained from the 
measurements at 24-48 in. suggested that the 
auditory angle subtended by a target was 
related to the probability of a “yes” response 
at any distance from S. Using this hy- 
pothesis, targets predicted to have high, 
medium, and low probabilities of detection 
were made for each of the longer distances: 
67, 87, and 108 in. 

It was eventually found to be necessary 
to delete data obtained at the 18-in. distance 
because some Ss were detecting the }-in. rod 
being used to suspend the target in front of 
them. ‘Tests in which a target and rod, no 
target or rod, and rod alone, were presented 
demonstrated this problem. Similar tests at 
the 24-in. distance indicated that the rod no 
longer influenced judgments. 

Each of the Ss were given 5-10 min. of 
warm-up time before each experimental 
session in all phases of the experiment. In 
this practice period, immediate feedback was 
given by E as S's judgment warranted and, 
therefore, constituted additional training. 
The S could stop a session at any point if 
he became fatigued, ill, or confused. The 
warm-up session also served to stabilize .S's 
decision criterion and held false-positive 
judgments below 20%. By setting such a 
criterion, it was hoped to obtain comparable 
measures for all Ss. 

A short series of 30 trials was run in which 
no noise or echo signal was uttered by S, but 
presence or absence judgments were required. 

This series was used to determine whether 
ambient noise, odor, or heat cues were affect- 
ing S’s response criterion. f The Ss were 
unable to detect the targets without their 


echo signals. 


RESULTS AND DISCUSSION 


The amount of training necessary 
to progress from the initial 19.4-in. 
diameter target to the range of five 
targets used for the first response- 
threshold measurements varied among 
Ss. Once the asymptote of training 
had been reached, Ss maintained a 
consistent level of performance. The 
time elapsed from the “ready” signal, 
through the uttering of S’s sound, to 
his response, was normally under 10 
sec. The time between judgment of 
one trial and the next “ready” signal 
was 10-15 sec. 

The echo-ranging noises used by Ss 
were all different. The signal pro- 
duced by CB was a harsh “F” sound 
which was pulsed several times and 
followed by “hello, hello.” DB 
created a tongue click, “tsk, tsk, tsk,” 
followed by an extended ''sssixes, 
sseven, eight." DD made an intense 
tongue click which was sharp and 
repetitive, originating from the roof of 
his mouth. JP uttered a variety of 
sounds, including tongue clicks, lip 
smacks, and throat clearing. WG 
used a "'hiss-hiss" which was elongated 
up to 5 sec., and then repeated. In 
each case, S turned his head spon- 
taneously from side to side, sending 
the signal back and forth across and 
beyond the targets in a sort of audi- 
tory scanning similar to that reported 
by Kellogg (1962). Once a pattern of 
noise was established for use as an 
echo signal, S used it consistently 
throughout the experiments. 

Response thresholds.—Response 
curves in Fig. 2 show the relationship 
between target size and percentage of 
"yes" responses for 100 presentations 
of each target at a given distance. 
These results show that echo acuity 
by blind Ss is a function of both target 
Size and the distance between .S and 
target; i.e., the greater the distance, 


ECHO DETECTION IN THE BLIND 


the larger the target must be in order 
to be detected. 

. Between 24 in. and 48 in., inclusive, 
it will be noted that the target-size 
range used is virtually the same for 
all Ss. Beyond 48 in. the targets were 
not necessarily proportional to one 
another and only three data points 
were obtained at each distance. In 
any case, there is a consistent overlap 
of target sizes used with Ss at all 
distances. This indicates that the 
echo acuity of this group is rather 
homogeneous, with no markedly di- 
vergent level of skill shown by any 


of the Ss. 
By comparing response curves for 


all Ss at a given distance, their per- 
formances may be ranked. Arranging 
them in this manner for all distances 
through 48 in. reveals that Ss tend 
to remain in the same relative position 
within the group. (Coefficient of con- 
cordance = .78, p < .01.) 

Within the range of distances con- 
sidered (24-48 in.), Ss clearly ranked 
themselves as follows: WG, DD, CB, 
JP, and DB, respectively, with DB re- 
quiring the largest target at threshold. 

Using a linear interpolation, à 
target diameter that would theoret- 
ically vield a "yes" response 50% of 
the time was designated as the re- 
sponse threshold. These interpolated 
thresholds are shown in Table 1, along 
With the mean false-positive level, for 


each SS, for the group at each distance, 
and the overall mean and standard 
i The 


deviation of the false positives. 
false-positive data indicate that the 
desired uniform response criterion Was 
Obtained for all Ss: Thus, the re- 
Sponse-threshold comparisons were 
Not unduly affected by differences 
he false-positive level. . 

, Maximum distance —The maximum 
Istance at which target? ~e be 
etected was not found. 1 heflabora- 
ry conditions in the experiment 
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SUBJECT | 
DD 


PERCENT CORRECT RESPONSES 


20 SUBJECT 
JP -] 
106 170 280 460 740 120 


135 220 360 580 940 152 
inches 


TARGET DIAMETER 


Percentage of “yes” responses by 


(Fic. 2. j 4 
ts of varied diameter at each 


Ss to targe 
distance. 
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TABLE 1 
INTERPOLATED THRESHOLD DIAMETERS AND MEAN F'ALsE-PosrrivE RATES E 
Threshold Diameter (In.) Mean No. False 
Distance (In.) uo A 
WG DD CB JP DH x 
24 1.4 d 2.0 1.8 2.6 10 
30 24 2.0 2:5 2.4 4.0 9 
36 2.5 2.7 3.1 3.8 11 6 
42 2.9 3.5 3.4 3.7 4.1 6 
48 3.0 4.3 4.0 5.4 5.3 4 
67 4.7 4.6 5.2 6.5 6.9 10 
87 6.0 5.6 6.6 8.6 6.7 9 
108 6.5 6.2 9.5 9.8 8.9 8 
Mean No. False Posi- 
tives for each S$ 6 7 i 13 9 


a Group mean and SD are 7.8 and 2.9, respectively. 


prevented moving more than 108 in. 
back from the targets. As will be 
noted in the figures and tables pre- 
sented, no failure in ability to detect 
the targets occurred. Although fewer 
data points were used and the propor- 
tional relationship of size between the 
targets was not maintained, the 
threshold targets are proportionate in 
size to those at the closer distances. 
This may be seen in Fig. 3, which 


100 


O @ 
3 9 S 


PERCENT CORRECT RESPONSES 
m 
o 


Fic. 3. Group curve at each 


106 135 170 220 280 
DIAMETER OF TA 


curve distance 
of ‘yes’ responses for eac 


combines the data for all Ss at all 
distances in group curves. There is 
less overlap of disc sizes between SS 
beyond 48 in.; hence, mean diameters 
at the longer distances are based on 
fewer judgments, : 

As measurements were obtained, it 
became apparent that the auditory 
angles subtended by the threshold 
targets for all Ss showed relatively 
little variability. This observation 


360 460 580 740 940 120 152 
RGET—— inches 


based on mean percentage 
h size target. 
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DISTANCE 


H m 
24" 3e 


er" 87" 108" 


48" 


i 1.83" 2.96" 4.22" 


DIAMETER 
ANGLE =4.63° 
c*0.21* 


Fic. 4. Group threshold targets at all dis- 
tances fitted to the mean auditory angle. 


lead to the hypothesis that a mean 
auditory angle for the group might 
provide meaningful prediction of 
threshold targets at any distance. 
This hypothesis was not checked em- 
pirically, but post-hoc analysis of the 
data provide some confirmation. 

An interpolated-group threshold 
target was found for each distance and 
its auditory angle was calculated. 
The mean auditory angle for all dis- 
tances and Ss is 4.63° with an SD of 
219. This angle has been drawn to 
scale and the group threshold targets 
were fitted to it in Fig. 4. It appears 
from these results that, for this group, 
the auditory angle subtended by the 
target in front of Sis a good predictor 
of S's response threshold at any dis- 
tance through 108 in. Kellogg (1962) 
does not specifically state this rela- 
tionship of auditory angle to size and 
distance perception in his study, but 
does present data consistent with our 


formulation. 
Since the auditory angle is regarded as 
an arc on the horizontal plane at the 
height of the ears, then it seems likely 
that width may have been an important 
factor in detection of the targets. The 
above hypothesis is consistent with > 
lateral head movements used by all 
to “find the edges of the target. ed 
tainly there is some ir t / pd 
height, and total area ed for s 
cient echo information 
To our knowledge: 


studies of threshold echo discriminator 
have been reported in the literature ae 


nonhuman species. A a seve : 
been observed (Griffin, 1959) TO-a 


gnat as small as .0002 gm- in its pork 
The resolving power suggested y this 


observation serves to emphasize the con- 
trast between the natural ability of 
human and nonhuman skills for this type 
of task. The results reported here, how- 
ever, clearly show that human Ss can 
gain a measurable amount of information 
from reflected sound sources. It must be 
pointed out that generalizations concern- 
ing the degree of echo acuity possessed 
by any experimental group must be 
qualified in terms of the conditions under 
which the measurements were conducted. 
Many variables may affect both the 
physical sound waves which carry the 
echo information and the organism's 
ability to perceive them. It seems at this 
point, therefore, of minor importance to 
look at our Ss’ response thresholds as an 

end in themselves, or to compare our 
results with those of investigators who 

have looked at various aspects of echo 

detection under widely varied circum- 

stances. The present results, neverthe- 

less, serve as a base line or reference point 

which to measure the relative 

importance of each parameter of echo 

detection to the skill as a whole. Thus, 

now that it is known what these Ss can 

do with their own signals, we are free to 

investigate the effect of modifying target 

dimensions, signal characteristics, etc., 

on their respective response thresholds. 


from 
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TASK PREDICTABILITY IN THE ORGANIZATION, 
ACQUISITION, AND RETENTION OF 
TRACKING SKILL? 


y UMBO, MERRILL NOBLE, KENNETH CROSS,? AND 
PENEI LYNN ULRICH 


Kansas State University 


250 male students were assigned to 4 conditions of task predictability, 
3 retention intervals, and 2 levels of training ina 4X3 X2 design. 
Predictability was determined by irregular step-function tasks that 
differed in the proportions of systematically repeating (predictable) 


targets, ranging from fixed to random sequences. 
error served as a performance criterion. 
temporal-spatial patterning were obtained, 


Integrated absolute 
In addition, 6 indexes of 
Results showed greatest 


improvement and greatest absolute retention losses for the fixed task 


and a fixed-direction task added to the design. 
dictable tasks did not differ in error from the ran 
differences in response organization were 
Results suggest the nature of changes in re 
indicate that timing may be most crucial for 


skill. 


The purpose of this study was to 
evaluate the effects of task pre- 
dictability on the temporal-spatial 
organization, the acquisition and the 
retention of tracking skill. Task 
predictability, as used in this study, 
is a task variable, not unlike task 
coherency or redundancy, whereby 
the kind and amount of advance 
information available to the operator 
is systematically varied. T he amount 
of advance information determines 
the extent to which perceptual antici- 
pation is possible, as Poulton (1950, 
1952, 1957a) has pointed out. The 
distinction between response organi- 


1 This research was Supported by the Air 
Force Office of Scientific Research under 
Grant No. AF-AFOSR 62-17. The authors 
are indebted to Lowell Schipper for his 
contributions to the design of this study. 
William Morton and Theodore Evans, 
participants in a National Science Founda- 
tion Undergraduate Research Participation 
Program conducted by the Department of 
Psychology, Kansas State University, as- 
sisted in data collection and analysis. 

“4 Now at the Decision Sciences Laboratory, 
Hanscom Field, Bedford, Massachusetts, 


Intermediately pre- 
dom task; however, 
found among all tasks. 
sponse organization, and 
acquiring and maintaining 


zation and acquisition signifies our 
interest in the temporal-spatial pat- 
terns of behavior as well as in the 
outcome criteria of performance. By 
response organization we refer to the 
patterns or Strategies of response 
which S develops in the various task 
conditions, whereas fask organization 
refers to the Predictability or co- 
herency of the input signal. 

The significance of task-organiza- 
tion variables for the understanding 
of skilled performance has been ac- 
knowledged for some time by both 
British and American investigators. 
Poulton (1950, 1952, 1957a, 1957b) 
was among the first to recognize the 
significance of this class of variables 
for Perceptual anticipation in skill 
tasks. Thus, he distinguished antici- 
pation resulting from S's learning of 
the predictable statistical or informa- 
tional properties of the input from 
anticipation (“receptor anticipation") 
made possible by actual preview of 
the signal course, The latter has 
also been studied by Poulton (1954) 
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Leonard (1953), and Crossman 
(1960), among others. 

In the United States, Briggs and 
Naylor (1962), Naylor and Briggs 
(1963b), and Adams and Webber 
(1963) have shown continued interest 
in this class of variables. For ex- 
ample, Naylor and Briggs (1963b) 
have distinguished task complexity 
(defined in terms of digram prob- 
abilities within a single task dimen- 
sion) from task organization (defined 
in terms of interdependencies among 
different task dimensions) and have 
shown the significance of both types 
of variables for skilled performance 


and acquisition. 

While there has been a good deal 
of interest in task-organization vari- 
ables, two limitations in the research 
areapparent. First, the experimental 
evidence is predominately for tasks 
involving continuous input signals, 
such as tracking tasks employing 
more or less complex combinations of 
sinusoids, (e.g, Hartman & Fitts, 
1955) and it may be that other 
variables inherent to such tasks 
interact with task organization. What 
evidence there is for the effects of 
organizational variables with discrete 
signals, such as a step-function track- 
ing task, does not conform closely 
to the prediction that “. . . progres- 
sive increases in redundancy should 
result in progressive improvement 
in skilled performance . . - - [Fitts, 
Noble, Bahrick, & Briggs, 1959, pp. 
8-14]" For example, Bahrick and 
Shelly (1958) failed to find any 
important difference in performance 
On four response-key tasks which 
varied from 100% to 0% in redun- 
dancy, although performance on a 
time-shared task was directly related 
to redundancy in the primary task, 
Supporting indirectly the prediction. 
. The second limitation in the litera- 
Ure is a paucity of evidence 0” the 
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qualitative changes in response pat- 
terns as a result of practice with 
tasks of various degrees of organiza- 
tion. While it is widely held that an 
understanding of skill must come 
from investigation of the continuous 
time-varying response functions, 
researchers continue for the most 
part to deal with outcome indexes, 
such as time-on-target or integrated 
error scores. It is our contention 
that investigation of conditions of 
task organization on the one hand 
and detailed analysis of the conse- 
quent response organization on the 
other is a fruitful approach to skilled 
performance. Such an attack should 
allow us to explore the intervening 
information processing and response 
strategies which appear to be of key 
importance to the development of 
skill. 

Turning to the question of long- 
term retention of learned skill, for 
the main part task-organization vari- 
ables have not been studied (Naylor 
& Briggs, 1961). Rather, researchers 
have been concerned with amount of 
practice (Ammons, Farr, Bloch, Neu- 
mann, Dey, Marion, & Ammons, 
1958; Duncan & Underwood, 1953; 
Hammerton, 1963), length of the 
retention interval (Ammons et als 
1958; Duncan & Underwood, 1953; 
Jahnke & Duncan, 1956; Neumann 
& Ammons, 1957; Van Dusen & 
Schlosberg, 1948) and distribution of 
practice (Jahnke & Duncan, 1956). 
A recent exception is to be found in 
Naylor, Briggs, and Reed (1962), a 
study involving 1- and 4-wk. reten- 
tion intervals. These investigators 
varied the organization—defined in 
terms of redundancy—not of the 
primary (tracking) task, but of a 
secondary procedural task. The or- 
ganization variable was found to be 
related to the amount of retention 
for both the procedural and the 
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primary tasks under moderate 


amounts of training. 

The present study incorporated 
both amount of training and length 
of retention interval together with 
the organization variable, task pre- 
dictability, as independent variables. 
The analyses of the learning and 
retention data included overall per- 
formance, as reflected in integrated 
error scores, and, for selected condi- 
tions, analytic information about tem- 
poral and spatial accuracy from six 
indexes taken from continuous records 
of performance. 


METHOD 


Subjects.—A total of 250 right-handed male 
students, between 17 and 26 yr. of age, were 
assigned, 10 each, to 25 experimental condi- 
tions) The Ss were paid for their services. 

Apparatus.—The apparatus was the Kan- 
sas State University Versatile Electronic 
Tracking Apparatus (VETA) which has 
been described elsewhere in detail (Trumbo, 
Eslinger, Noble, & Cross, 1963). 

Programs are punched on paper tape, read 
out by a commercial tape reader, converted 
to analog voltages by a digital-to-analog 
converter and a flip-flop circuit, and dis- 
played on a CRT as a }-in. long vertical hair- 
line. By moving a lateral arm control, 
pivoted at the elbow, S controls a similar 
vertical line—the cursor. The cursor is 
displayed below the target on the CRT and 
overlaps it by $ in. Scoring is accomplished 
by an operational amplifier manifold which 
obtains the absolute difference between 
target and cursor (momentary absolute 
error, and integrates this difference over 
the trial (integrated absolute error). Input, 
output, and momentary error are simul- 
taneously recorded, as desired, on magnetic 
tape, while integrated error is recorded by E 
on each trial from a voltmeter. 

Tasks.—Each of the 10 groups received 
irregular step-function inputs at one target 
pits bets 


3 Actually, 265 Ss received some training. 
A total of 10 Ss who failed to complete the 
training phase or the 1-wk. and 1-mo. reten- 
tion conditions were replaced. Eleven .Ss 
were trained in each 5-mo. retention-interval 
condition to cover losses; however, three of 
these nine groups had only 9 Ss while two 
groupe had 11 Ss during retention tests. 
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per sec. (.5 cps). Targets could appear at any 
1 of 15 equidistant positions on the horizontal 
axis of the CRT. Trials were 60 sec., sepa- 
rated by 24 sec., and anticipated by a 2-sec. 
warning buzzer. . 

Experimental conditions.—' The experimen- 
tal design was basically a 4 X 3 X 2 factorial 
with four conditions of task predictability, 
three retention intervals, and two levels. of 
training. A fifth condition of task predict- 
ability was included, but only under the 
longest retention and training conditions 
(see Task S-P below). 

Task predictability —This variable was 
defined in terms of the proportion of repeating 
targets in a sequence. For the Predictable 
Task (Task P), 12 targets selected randomly 
from the 15 possible target positions, were 
repeated in the same order five times per trial 
and throughout all trials. Coding the target 
positions from left (1) to right (15) this 
sequence was: 4, 1, 11, 10, 4, 7, 1, 15, 5, 4, 5 
10. For the unpredictable Random Task 
(Task R), a sequence 240 targets long was 
selected randomly, except that a target could 
not be immediately repeated. i 

Two conditions of intermediate predictabil- 
ity were based on 12-unit sequences. In Task 
I-1, every second target was selected anew 
(randomly, as above) on each repetition of 
the sequence, but the remaining six targets 
were repeated in order, throughout training. 
Similarly, in Task I-2 every third target was 
selected anew on each repetition. Thus, the 
fixed targets were repeated five times per trial 
for both tasks. : 

The "extra" condition was labeled semi- 
predictable (Task S-P). It was selected as in 
Task R, but with a simple, thus predictable, 
LRLR directional pattern. 

Training levels.—All Ss were given 7 60- 
sec. trials on a common random pretraining 
task, followed on Day 1 by 20 training trials, 
Low Training Ss received 30 trials on Day ^' 
for a total of 50 trials. High Training Ss were 
given 30 and 20 trials on Days 3 and 4, OF 
100 trials in all. , ; 

Retention intervals.—For each combination 
of task and training level, one third of the 58 
were assigned to each of three retention 
intervals: one wk., 1 mo., and 5 mo. : 


recall, all Ss received 15 trials on their, 


training tasks. 

Procedures.—The Ss were assigned ran- 
domly to the 25 conditions and to the trainin£ 
schedule, except that 5-mo. retention SS were 
trained first to assure their availability for 
retention. 

After a common general description of the 
study and the task, each S was given the 
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common 


seven pretraining trials. Then 
including 


detailed instructions were given, 
illustrations of various sources of error such as 
lags, leads, overshoots, and slow primary 
movements. The Ss were instructed to look 
for patterns but were not told the nature of 
their own pattern. On successive days Ss 
were told only that the task remained the 
same. 

Extrinsic feedback was provided to red 
inter-S variability and to discourage in- 
efficient response patterns. For each block 
of five trials, Ss were told via an intercom 
that their error scores were “OK” or “worse” 
than their scores for the previous block. 

Performance measures.—The overall per- 
formance criterion was absolute error inte- 
ver individual trials. In addition, 
exes of temporal accuracy and three 
accuracy were obtained from 
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79, 81, 99, and Retention Trials 1, 2, 3). 
These scores were obtained only for the 50 
Ss with high training and the 5-mo. retention 
interval. Temporal indexes were mean lag 
time, mean lead time, each scored to the nearest 
50 msec. and including all instances of zero 
lead or lag, and beneficial anticipations, scored 
whenever leads and lags were less than 150 
msec. Number of overshoots, undershoots, and 
incorrect anticipations were scored as indexes 
of spatial accuracy. Overshoots and under- 
shoots were scored whenever the primary 
movement missed the target by the equiva- 
lent of 5 mm. or more on the CRT. This 
was approximately two thirds the distance 
between adjacent target locations. 


RESULTS 


Figures 1 and 2 summarize the 
integrated error data for the various 
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Integrated error data for all task conditions under high training. 
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(The figure is keyed 


the same as Fig. 1, except Group S-P—dotted line—has been added.) 


conditions during both training and 
recall sessions. Figure 1 shows the 
acquisition data in blocks of 10 trials 
and retention data in blocks of 3 
trials for Ss with low training. 
Figure 2 presents these data for high 
training including the extra S-P 
conditions. Curves for the original 
training sessions are each based on 
30 Ss who were then divided into 
the three retention interval subgroups 
of 10 Ss each. While this precludes a 
direct comparison of training and 
retention performance, these sub- 
groups were not found to differ 
appreciably during training. 

At the end of Low Training, Group 
P had significantly less error than 
all other groups, while the difference 
between Groups I-2 and R barely 
reached the .05 level. After High 
Training Groups P and S.P had 
reliably less error than the remaining 
groups, but Group I-2 was no longer 
significantly differert from Group R. 


Tests of differences were based on 
means of the last five trials (t tests 
with p < .05). 

It is apparent that retention losses 
were correlated with length of the 
retention interval and that perform- 
ance at recall was superior for the 
High Training conditions. In addi- 
tion, absolute losses over the retention 
periods were greater for the more 
predictable patterns; but then, they 
had much greater gains during train- 
ing, and hence more to lose. 

There appears to be no completely 
satisfactory way to compare the 
relative losses of groups which had 
attained different levels of perform- 
ance during training. No statistical 
analysis or transformation which we 
considered yields results that are 
entirely satisfactory. Some informa- 
tion is gained, however, by comparing 
the retention losses relative to the 
total improvement of each group. 
Total improvement was assessed as 
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the difference between the means 
for pretraining and for the last block 
of training trials. Since pretrain- 
ing preceded detailed instructions, it 
seemed to represent a good lower limit 
of performance. Losses were calcu- 
lated as the difference between means 
for the last block of training and for 
the initial three retention trials. 

While the reliability of these data 
was not investigated, the results 
suggested that relative losses were 
greatest for Task P under low but 
not under high training conditions. 
The Ss on the random task showed 
gains on the first recall trial after 
1 wk. and 1 mo. with low training 
and after 1 wk. with high training. 
The low training l-2 Ss showed a 
similar gain after 1-wk. retention. 
These gains suggested either the 
dissipation of interfering response 
sets, the relatively large benefits of 
additional practice afforded by the 
recall trial, or both. 

With the exception of the I-1 
group, all groups showed some evi- 
dence of relearning during the 15 
retention trials. Why the 1-1 group 
showed a loss during these trials 
was far from apparent.4 

The benefits of additional training 
were particularly apparent in the 
retention trials for Group P. With 
low training, only 1-wk. retention Ss 
regained their original level during 
the 15 relearning trials, whereas with 
high training even the 5-mo. Ss 
showed essentially complete relearn- 
ing. Finally, although Task P Ss 
showed less relative loss with high 
than with low training, Ss on Tasks 
R and I-2 had greater relative losses 
after high training. This suggested 
that the overlearning of the predicta- 
ble pattern offset the greater loss 
Potential for Group P, but for Ss on 
the less predictable patterns the 
effect was primarily to increase the 
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loss potential without overlearning 
benefits. 

Analytic scores.—Data for the six 
analytic scores were taken from 
oscillographic records of the 50 high- 
training, 5-mo. retention Ss. These 
data are presented in Fig. 3 and 4, 
for the eight selected learning trials 
and for Trials 1, 2, and 3 of retention. 
Additional comparisons were made 
between the best three and poorest 
three Ss in each group, using inte- 
grated error for the last block of 
training trials as a criterion. ‘These 
latter data are not presented graph- 
ically, but the results are discussed 
where they help to clarify other 
findings. 

Temporal accuracy.—Figures 3A 
and 3B present the mean lag and 
mean lead times, respectively, for 
eight training and three retention 
trials. Figure 3C shows the percent- 
age of beneficial anticipations for 
the same trials. The training trials 
were selected, one early and one late 
in each of the four sessions, to reflect 
differences within and between ses- 
sions as well as throughout training. 

Lags—Each of the five groups 
decreased mean lag time over the 
training period with the more pre- 
dictable groups (P and S-P) showing 
the greatest change. The latter two 
groups differed significantly (p <.05) 
from the remaining three groups 
which did not differ one from another. 
Comparison of Day 1 (Trials 1 and 
20) and Day 4 (Trials 81 and 99) 
means revealed that all groups except 
]-1 had significant decreases in lag 
time (p « .05). 

Comparison of lag scores on the 
first recall trial with the first trial 
of Day 4 (Trial 81) showed greater 
lag times at retention for all except 
the 1-2 group. Mean values at recall 
were approximately equal to those 
for Day 2 of training (Trial 21). 
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Furthermore, the number of lags 
increased over the retention interval 
to a frequency comparable to that 
of early training. 

Within-group comparisons indi- 
cated that best Ss had markedly fewer 
lags and shorter mean lag times than 
the poorest Ss in each task condition. 
Best Ss tended to reduce both fre- 
quency and lag time on all tasks 
whereas poorest Ss showed little 
change except on Tasks P and S-P, 
the most predictable conditions. Re- 
tention losses were comparable for 
best and poorest Ss, but despite the 
losses, best Ss had shorter lags at 
retention than poorest Ss had at the 
end of training. 

Leads.—Only Ss on Tasks P and 
S.P showed any consistent trends 
in mean lead time during training 
(Fig. 3B). Group S-P had a sig- 
nificant increase from Day 1 to Day 4 
and Group P had a significantly 
higher mean than the remaining 
groups at the end of training (p <.05). 
As with the lag data, there were pro- 
nounced losses between sessions, par- 
ticularly for Group P, indicating that 
timing may be highly susceptible to 
forgetting, especially with modest 
training. 

This conclusion was supported by 
the recall data, wherein all groups 
showed complete losses of their orig- 
inal gains in lead time, with, however, 
evidence of rapid recovery during 
the first three relearning trials. 

Within the groups, the best Ss had 
greater increases both in frequency 
of leads and mean lead times than 
poorest Ss, except for the l-1 and 
1-2 tasks, In the latter groups, even 
the best Ss had markedly fewer leads 
and lower lead times than the other 
groups, including Group R- bc 
example, on the 1-2 task, best > 
reached a maximum of 43% leads; 
in contrast with 87% for their 
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counterparts on Task R. Thus, 
there appears to have been a marked 
inhibition of leading responses in the 
intermediate tasks. 

Consistent results were found at 
retention. Best Ss recovered about 
50% of their leads by the end of the 
third trial, but the frequency re- 
mained below 10% in the I-1 and 
I-2 tasks. Poorest Ss had very few 
leads at retention, except on Task P 
where they reached 20% by Trial 3. 

Beneficial anticipations —Figure 3C 
indicates that each group increased 
in percentage of beneficial anticipa- 
tions during training. Increases from 
Day 1 to Day 4 were significant for 
all except the I-1 condition. In- 
creases were proportional to the de- 
gree of task predictability, again, 
with the exception of Group l-1. 
As with the lag and lead indexes, 
there is evidence of considerable loss 
between sessions, indicating that 
timing is highly susceptible to for- 
getting with even brief periods of no 
practice. 

However, there is less evidence of 
loss in retention on this measure 
than on the lead and lag indexes. 
Groups P and S-P regressed to about 
midtraining performance, but the 
remaining groups showed little or no 
loss. This may reflect, in part, an 
insensitivity of the beneficial anticipa- 
tion measure to changes from lead 
to lag or in response variability. As 
a rather gross bandwidth score, it is 
subject to the general criticisms of 
time-on-target scores (Bahrick, Fitts, 
& Briggs, 1957). 

Comparisons within groups re- 
vealed that the poorest Ss were able 
to increase the frequency of bene- 
ficial anticipations only on Tasks P 
and S-P, whereas the best Ss showed 
increases on all tasks and a much 
higher frequency than poorest Ss on 
Tasks I-1, I-2, and R. 
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Fic, 4. Data for spatial accuracy, including (A) overshoots and (B) undershoots. 
(Both indexes are given in percentages of total targets tracked.) 


Spatial accuracy.—VFigures 4A and 
4B present the data for overshoots 
and undershoots, respectively. Data 
for incorrect anticipations are not 
shown, since the low frequency for 
this type of error made their reli- 
ability suspect. 

Overshoots.—Only Ss on Task P 
significantly reduced the number of 
overshoots (Fig. 4A). By contrast, 
the S-P group tended to increase 
overshoots, the remaining groups 
showing no consistent change. 

At recall, all groups had a marked 
increase in overshoots with Group P 
regressing to its Day 1 level and all 
other groups showing higher fre- 
quencies than at any point in training. 

Intragroup comparisons revealed 
that the best Ss increased the number 
of overshoots in all tasks except Task 
P where they decreased, while the 
poorest 5s had slight decreases on all 
tasks. At the end of training best Ss 
had from 5 to 25% more overshoots 
for all tasks „except Task P where 
both best and poorest Ss had reached 
a low of about 5%. Thus, it appeared 


that the poorest Ss (in terms of 
integrated error) had better spatial 
accuracy and, furthermore, showed 
improvement, whereas, except for the 
fully predictable task, best Ss became 
less accurate as training progressed. 

Undershoots.—The undershoot data, 
presented in Fig. 4B, show little 
change throughout training. How- 
ever, Group S-P had significantly 
more undershoots than the other 
groups at the end of training. Coupled 
with their tendency to increase over- 
shoots, this gave the S-P group the 
poorest record for spatial accuracy. 

Best Ss on Tasks P, S-P, and R 
had more undershoots than poorest 
Ss, but there were no"differences on 
the I-1 and I-2 tasks. 

Finally, there was little evidence 
of change in undershoots over the 
5-mo. retention interval, either from 
the total group data or the within- 
group comparisons. 


Discussion 


Acquisition —The most striking find- 
ing from the integrated error data was the 
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failure of Ss on the l-1 and l-2 tasks to 
achieve a higher level of performance 
than Ss with an essentially random 
task. For these intermediate groups 
one half to two thirds of the targets were 
predictable and repeated, in order, 500 
times during training. Furthermore, 
for the I-2 group four sequential pairs 
of targets received 500 repetitions. Yet 
there was no evidence to indicate that 
these predictable elements were learned. 
Average lead and lag data, scored 
separately for predictable and unpre- 
dictable elements of the task, did not 
indicate superior anticipation of repeat- 
ing targets. 

Unlike the integrated error data, 
measures that reflect temporal character- 
istics of responding, indicated some 
differences in response patterning among 
Tasks I-1, I-2, and R. Specifically, 
it appeared that Ss presented with a 
random task were much more apt to 
anticipate target displacements than Ss 
with either of the “I” patterns, despite 
the fact that the “I” patterns are ob- 
jectively more predictable, a fact which 
would be expected to facilitate rather 
than inhibit anticipatory responding. 

In contrast to the results with the 
"I" groups, the S.P group, for which 
direction only was predictable, showed 
substantial gains over the R group in 
reducing error. Thus, the addition of 
objective predictability by fixing as 
hirds of the target posi- 
quence has no ap- 
the tracking per- 


many as two t 
tions in a 12-unit se 


preciable affect on i I 
formance with a step-function tracking 


task, whereas fixing predictability of 
direction by imposing the simple alter- 
nation rule has a highly significant 
effect, If the position is taken that 
movements are preprogramed (see Fitts 
et al., 1959), then it appears that, with 
the tasks studied here, conditions which 
permit complete preprograming of direc- 
tional aspects are more beneficial than 
those which permit only partial M. 
Programing of both directional E. 

extent aspects. In other words, advance 
information which leaves gero uncer- 
tainty about direction for all movements 
is more beneficial to performance than 


261 


advance information which leaves zero 
uncertainty about both direction and 
extent for as many as two thirds of the 
movements. 

Two other findings from the analytic 
scores suggest tentative conclusions 
about the response strategies organized 
to meet the various task conditions. 
First, the best Ss in nearly all cases 
had poorer results on the measures of 
spatial accuracy than the poorest Ss. 
In some cases the better Ss actually 
showed decreased spatial accuracy as 
training progressed. Similarly, the S-P 
group, which had the second lowest 
error scores and changes on the temporal 
indexes comparable to those for Group 
PB; tended to increase overshoots through- 
out training. Taken together, these 
results indicate that the more successful 
Ss emphasized timing accuracy even at 
a cost to spatial accuracy. The S-P 
group, which showed considerable im- 
provement in timing, anticipated target 
displacements even though they could 
not predict the amplitudes of the required 
The best they could do 
was to anticipate, on the basis of pooled 
experience with the task, with move- 
ments of mean amplitudes. If this were 
true, they would be expected to under- 
shoot the long displacements and over- 
shoot the short ones, the net result 
being relatively high frequencies of both 
types of errors. The data, summarized 
in Fig. 4A and 4B, support this inter- 
pretation. Group S.P led in overshoots 
and undershoots and tended to increase 
the frequency of each type of error 
throughout training. Inspection of oscil- 
lographic records indicated that Ss 
on Task S-P increased response rate 
and acceleration, factors which would 
also result in increased oscillations and 
spatial inaccuracy. That this strategy 
“paid off” is apparent from the relatively 
good criterion performance of the S-P 
group. It is also apparent from the 
intragroup comparisons, where, as indi- 
cated, best Ss had better temporal, but 
poorer spatial scores than poorest Ss 
on all but the completely predictable 
task. It may be noted that the strategy 
of the best Ss could have been predicted 


movements. 
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from servo theory. Specifically, in 
developing an automatic control device 
to null system error following a step- 
function input, the servo engineer would 
build an underdamped rather | than a 
critically damped system. This would 
minimize RMS error, but result in in- 
creased oscillations, analogous to the 
poorer spatial accuracy of our best Ss. 
Thus, the good Ss were acting in the 
best tradition of servo engineering with 
one innovation; namely, they further 
reduced their error by anticipating 
rather than lagging behind target dis- 
placements. 

Retention.—Contrary to the general 
tenor of findings on retention of learned 
skill (Naylor & Briggs, 1961), our 
results showed substantial losses during 
the no-practice interval. Absolute losses 
were greatest for those tasks in which 
greatest gains were realized during 
training, and were proportional to the 
length of the retention interval. Both 
recall and relearning performance were 
better for the high-training than for the 
low-training condition, but even with 
high training there was considerable 
forgetting after the 1-mo. and 5-mo. 
intervals. 

After 5 mo. of no practice the initial 
recall performance of Ss trained on a 
completely fixed pattern (Task P) was 
indistinguishable from that of Ss trained 
on a pattern with only direction fixed 
(Task S-P). This suggests that the 
additional information about the target 
course (i.e., a fixed sequence of positions) 
which resulted in significantly lower 
error scores for Group P during training 
was of no advantage in the retention 
of the skill. 

Each of the three indexes of timing 
accuracy documented some changes dur- 
ing the retention interval. These changes 
were in the form of decreased lead time 
and frequency of leads, increased lag 
time and frequency of lags, and generally 
poorer timing, as indicated by the 
decrease of beneficial anticipations. 

These changes were generally correlated 
with the degree of fask predictability 
and with differences in overall perform- 
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ance as manifested in the integrated 
error scores. 

The analytic scores, in addition to 
providing evidence as to the nature of 
different response strategies developed 
during training, suggest more clearly 
than any evidence we have seen specifi- 
cally what changes occur in the course of 
forgetting of learned skill. At least 
with tasks such as those employed here, 
it appears that temporal rather than 
spatial accuracy is the more crucial 
aspect of skill retention and the most 
susceptible to loss. The extent to which 
this is true of skilled performance 1m 
general must, of course, wait upon fur- 
ther research involving a variety of tasks. 
Nevertheless, these results are consistent 
with recent findings of Naylor and 
Briggs (1963a) which indicate that 
rehearsal of timing is more effective in 
maintaining skilled performance than 
rehearsal of spatial aspects, and those 
of Adams and Creamer (1962) which 
show that pretraining on timing provides 
greater facilitation of skill acquisition 
than pretraining of other task com- 
ponents. 

Finally, the analytic results strongly 
point toward the role of response 
strategies adopted by S in the develop- 
ment and retention of skill These 
strategies appear to be attributable in 
part to task-organization variables which 
determine the kind and amount of ad- 
vance information available to S. In- 
dividual differences in performance 
were great, however, and further re- 
search is needed to determine the 
cognitive and other factors involved in 
intragroup differences in response pat- 
terns. 
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INTERLIST RESPONSE MEANINGFULNESS AND TRANSFER 


EFFECTS UNDER THE A-B, A-C PARADIGM} 


L. R. GOULET? 


Saint Louis University 


Paired-associate transfer was studied under the A-B, A-C paradigm 
with treatments varying in List 1 and List 2 response meaningfulness 
(M). The levels of response M were either high (H) or low (L) on both 
lists (Hı-H2 or Li-L2) or conformed to a high-low (Hi-Ls) or low-high 
(Li-H2) relationship. The predictions were made that interference 
from List 1 (negative transfer) would be greatest under conditions of 
high List 1 response M (H;-Hs and Hi-L3), but that the interference 
would be partially offset in treatments involving disparate levels of 
List 1 and 2 response M (Hi-L; and Li-Hz). The reduction in inter- 
ference was attributed to an increased opportunity to differentiate the 


interlist response systems. Both predictions were supported. The 
results were interpreted within Postman's recent interpretation of inter- 
ference theory and implications relating response M and transfer were 


provided. 


Two studies (Jung, 1963; Merikle 
& Battig, 1963) have recently deter- 
mined the importance of response 
meaningfulness (M) in affecting the 
direction and magnitude of transfer 
in paired-associate (PA) experiments. 
When List ljresponses are'carried over 
to List 2 (C-B and A-Br paradigms), 
negative transfer declines and shifts 
to positive transfer (relative to C-D 
pairs) as the level of List 1 response 
M is decreased. When new responses 
are used on List 2 (A-C paradigm), 
similar results are obtained except 
that positive transfer under low levels 
of response M is not found. 

The response M transfer relation- 
ship under the C-B (stimuli different, 
responses identical) and A-Br (stimuli 
and responses identical but re-paired 
on List 2) paradigms is adequately 
accounted for by Underwood and 


1 This paper is based on a dissertation sub- 
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Louis University in partial fulfillment. of 
the requirements for the PhD Worm phe 
author is indebted to Donald H. Haadee 
for helpful guidance and suggestions asia 
the course of this study. i 

2 Now at the Institute of Human Learning; 
University of California, Berkeley. 


Schulz’s (1960) stage analysis of PA 
learning. This analysis assumes that 
the difficulty of response integration 
(learning) is inversely related to 
response M. ‘The resultant transfer 
of response learning to List 2, then, 
is expected to be greater when List 1 
is comprised of low M responses 
(Jung, 1963). However, the response- 
integration hypothesis cannot ac- 
count for the analogous transfer 
function under the A.C paradigm 
inasmuch as no source of transfer 
from response learning is possible 
on List 2. 

The present experiment attempted 
a further analysis of the relationship 
between response M and transfer 
under the A-C paradigm. This was 
accomplished by means of a factorial 
design involving responses of high 
(H) and low (L) meaningfulness on 
the two lists. The H,-H, (responses 
of high M on both lists) and Li-L2 
(responses of low M on both lists) 
treatments replicated those employed 
by Jung (1963). Jung postulated 
that the greater negative transfer 
effect found for H;-H, lists than for 
Li-L; lists was attributable to inter- 
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ference effects when high M responses 
comprise List 1. However, the identi- 
fication of the interference (negative 
transfer) effect as a function of List 1 
response M was not validly permitted 
in this study in that the factorial 
combinations of List 1 and List 2 
response M were not represented. 
Jung's (1963) hypothesis is partially 
supported by the interference con- 
ception of PA transfer (e.g., Postman, 
1961, 1963) which assumes that nega- 
tive transfer on List 2 is a function 
of competition of List 1 (A-B) associa- 
tions during A-C learning. Exactly 
why the List 1 interference is greater 
under high-response M (relative to 
low-response M) has not been ex- 
plained, but if Jung’s hypothesis is 
correct, negative transfer on List 2 
should be independent of List 2 
response M. 

Within the factorial design in this 
experiment, a potential source of 
positive transfer, interlist response 
differentiation, may also be identified. 
If the successive PA lists have 
disparate levels of response M (Hi-Lo 
or L,-H;), Ss may find it easy to 
differentiate the two response systems 
and may therefore inhibit the List 1 
interference effects present during 
List 2 acquisition. Successive lists 
of similar levels of response M (ie., 
H-H, and Li-L2) do not have this 
source of positive transfer available. 
Interlist response differentiation has 
previously been discussed within the 
context of List 1 overlearning (Post- 
man, 1962; Thune & Underwood, 


1943) and has been invoked to explain 
the decline in negative transfer found 
as List 1 overlearning is manipulated. 
The positive effects attributed to 
response differentiation have been 


relatively slight (Postman, 1962) 
while the negative transfer effects 
under high-response M have been 

The rela- 


pronounced (Jung, 1963). 
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tive potency of the two factors leads 
to the prediction that the amount 
of negative transfer observed under 
the A-C paradigm should decrease, 
in the following order, under the 
Hi-Ho, Hi-Lo, Li-L2, and Ly-H2 com- 
binations of List 1 and List 2 response 
M. 
METHOD 


Design. The effects of Lists 1 and 2 re- 
sponse M on the magnitude of transfer were 
studied under two different paradigms, the 
experimental or A-B, A-C paradigm, and the 
control (for learning-how-to-learn, warm-up, 
etc.) or A-B, C-D paradigm. The transfer 
paradigms (A-C and C-D), List 1 response M 
(high and low), and List 2 response M (high 
and low) served as the three factors in a 
standard 2 X 2 X 2 factorial design. 

Subjects.—The Ss were 120 volunteers from 
general psychology classes at Saint Louis 
University. Each S was assigned randomly 
to one of the eight treatments by a table of 
random numbers, with the restriction. of 
equal Ns within each block of eight Ss. 

Materials.—Paired-associate lists consisting 
of eight two-syllable adjectives (low intralist 
similarity) as stimulus terms and nonsense 
syllables as response terms were used for all 
conditions. The adjectives were selected 
from those previously used by Kausler and 
Kanoti (1963) and the nonsense syllables were 
selected from Archer (1960). The C-D 
paradigm required two sets of stimuli (low 
interlist similarity) for Lists 1 and 2, and 
both the C-D and A-C paradigms required 
two sets of responses. 

The mean association value for responses 
in low-M lists was 1495; the comparable 
value for high-M lists was 93%. Intra- and 
interlist response similarity was low. All Ss 
assigned to the same level of List 2 response 
M learned the same List 2. Identical stimuli 
were used for List 2 across all treatment 
conditions. 

Procedure.—Each S was given standard 
instructions regarding PA learning and the 
anticipation method, followed by three 

trials on a warm-up list consisting of three 
adjective nonsensc-syllable pairs. Response 
terms on the warm-up list approximated the 
mean M that S would experience on List 1. 
All lists were presented on a Lafayette mem- 
ory drum at a 2:2-sec. rate, with a 6-sec. 
jntertrial interval. In order to reduce the 
possibility of serial learning, each list was 
presented in three random orders. 
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The experimental tasks consisted of List 1 
and List 2 learning. Instructions regarding 
each of the tasks were not given until it was 
about to be initiated, nor did the instructions 
forewarn S of the succeeding parts of the 
experiment. List 1 learning was carried toa 
criterion of one perfect repetition. | All 
Ss were given 15 acquisition trials on List 2, 
with practice being initiated approximately 
2 min. after the List 1 criterion had been 
reached. 


RESULTS 


List 1 learning —While only two 
variables (List 1 response M and 
paradigms) differentiated the treat- 
ments to which Ss were assigned, the 
List 1 learning data were analyzed 
as if all eight treatments were actu- 
ally present on List 1. This was done 
in order to determine whether the 
List 2 transfer effects could be 
attributed to initial differences in 
learning abilities between the groups 
of Ss. A 2X2X2 analysis of 
variance (trials to criterion) revealed 
no significant sources of variance 


except that for List 1 response M 
with an F (1,112) = 78.79, p < .001. 
No other main effects or interactions 
approached significance. The mean 
trials to criterion for low-M lists was 
26.48, while the comparable value 
for high-M lists was 13.82. 

List 2 learning and transfer effects. — 
List 2 performance was analyzed 
with respect to the number of correct 
anticipations on Trials 1-5 and sepa- 
rately for Trials 1-15. Table 1 
presents the mean correct anticipa- 
tions and the mean difference scores 
(A-C — C-D) for each of the response- 
M combinations. A 2 X 2 X 2 anal- 
ysis of variance involving correct 
anticipations revealed List 2 response 
M to be significant with Fs (1,112) 
— 63.96 and 96.16, p « .001, for 
Trials 1-5 and Trials 1-15, respec- 
tively. Regardless of the level of 
response M on List 1, high response-M 
lists were learned more rapidly than 
low response-M lists. In addition, 


TABLE 1 
MEAN Correct RESPONSES ON List 2 
Response M Combinations 
Paradigm 
Hi-H2 Hi-L2 Li-La Li-Hi 
Trials 1-5 
A-B, A-C 
M 7.93 2.53 5.00 14.67 
SD 6.36 3.23 3.81 6.46 
A-B, C-D 
M 13.27 4.87 6.20 12.40 
SD 4.47 4.33 3.53 5.85 
Mean Difference (A-C — C-D) —5.34 —2.34 —1.20 4-2.27 
"Trials 1-15 
A-B, A-C 
M 68.27 39.93 49.80 85.93 
SD 18.37 19.42 17.71 14.00 
A-B, C-D 
M 84.93 50.13 59.40 82.47 
SD 13.68 15.95 16.48 15.49 
Mean Difference (A-C — C-D) —16.66 —10.20 —9.60 +3.46 
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the effect of List 2 response M was 
independent of the paradigm treat- 
ment as indicated by the lack of a 
significant interaction effect between 
List 2 response M and paradigms 
(F « 1 for both analyses). 

The effect of List 1 response M 
was also significant for both analyses, 
F (1,112) = 6.78, p < .05, and 7.58, 
p «.01. However, the relationship 
was the inverse of that for List 2 
response M. If S learned List 1, 
comprised of high-M (Hi) responses, 
performance on List 2 was retarded 
(relative to Ss experiencing List 1 
comprised of low-M (Li) responses. 
This effect, although it was present 
under both the A-C and C-D para- 
digms, was almost wholly accounted 
for by the A-C treatments. A sig- 
nificant interaction effect, / (1,112) 
= 5.84, p < .05, five-trial analysis, 
between List 1 response M and 
paradigms supports the legitimacy 
of this conclusion. Under the C-D 
paradigm, means, pooled over levels 
of List 2 response M, were comparable 
irrespective of the level of List 1 
response M. The same comparison 
under the A-C paradigm shows the 
H, means to be disproportionately 
smaller than the L, means. The 
relevant means for these comparisons 
(pooled across List 2 response M) 
were: C-D high, 9.07; C-D low, 9.30; 
A-C high, 5.23; A-C low, 9.84. The 
above treatment means, in the same 
order, for Trials 1-15 were: 67.53, 
70.94, 54.10, and 67.87. The List 1 
Response M X Paradigms interac- 
tion effect did not reach significance, 
F (1,112) = 2.76, p < .10, for Trials 
1-15. However, as will be noted, the 
effect of high List 1 response M on 
List 2 performance was still much 
stronger under the A-C paradigm. 

The main effect for paradigms 
reached statistical significance, P (4, 
112) = 7.00, p < .01, for Trials 1-15. 


List 2 performance was better under 
the C-D paradigms, ie. negative 
transfer occurred, except for the 
Lı-H C-D treatment where A-C 
L,-H» performance was better. The 
same results were obtained for Trials 
1-5 except that the paradigm main 
eflect did not reach statistical sig- 
nificance (F = 3.16, p < .10). None 
of the interaction effects involving 
List 2 response M or paradigms ap- 
proached significance. 

Finally, analyses were made to 
determine whether the transfer effects 
under the A-C paradigm were a 
function of response M. Mean dif- 
ference scores were obtained by sub- 
tracting the mean correct anticipa- 
tions (at each criterion) for the C-D 
condition from each A-C mean at 
the same level of List 1 and 2 re- 
sponse M. Thus, an estimate of the 
specific transfer effect was obtained 
for each A-C treatment. 

Separate / tests were performed, as 
in the Jung (1963) study, comparing 
the four A-C mean difference scores 
(see Table 1) for Trials 1-5 and 
separately for Trials 1-15. The 
error mean squares of the analyses 
involving correct anticipations were 
used as estimates of error variance. 
For the data from Trials 1-5 mean 
differences in transfer effects of 2.57 
and 3.38 were needed to reject the 
null hypothesis at the .05 and .01 
levels (ss = 1.31, df = 112), respec- 
tively. The H;-H» treatment was 
significantly different (p < .01) from 
the Li-L» and L;-Hs treatments and 
the Ly-H» treatment also differed 
significantly from the HL» and 
L,-L treatments (p < .01). 

For the data from Trials 1-15 
(sz = 4.41, df = 112), differences of 
8.64 and 11.38 were needed to reject 
the null hypothesis at the .05 and .01 
significance levels. For these com- 
parisons, the Li-H: treatment dif- 
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fered significantly (p < .01) from 


the remaining three treatments. 


DISCUSSION 


The present experiment strongly im- 
plies that high List 1 response M is a 
potent source of negative transfer in the 
A-C paradigm. This effect may be 
interpreted by Postman's “response- 
mediation” conception of transfer and 
retroaction. Postman (1961) stated 
that the learning of the A-C list may be 
mediated by the "B" List 1 responses 
in the manner A-(B).C. With high 
interlist response similarity the mediation 
would be successful because of the 
usually strong associative strength be- 
tween similar responses. However, with 
decreasing B-C similarity, the attempt 
to mediate the learning of the A-C list 
would become increasingly difficult be- 
cause of the weak associative strengths 
of the B and C responses. In fact, with 
complete response dissimilarity, the 
strong associates to the B (List 1) 
responses would compete or interfere 
with the learning of A-C. 

Regarding the relationship between 
List 1 response M and its effects on the 
capacity to mediate the learning of List 
2, by definition, high-M responses evoke 
manyassociates. Low-M responsesevoke 
few associates, Negative transfer in the 
A-C paradigm (low response similarity) 
should thus be a direct function of the 
number of associates elicited by the 
List 1 responses. When the List 1 
response elements were of high M, List 
2 learning should be retarded because S 
would have to extinguish the B responses 
and their associates. Less competition 
would be expected when List 1 was com- 
prised of low-M responses because these 
responses elicit fewer associates to com- 
pete during the acquisition of List 2. 

The adoption of the response-media- 
tion hypothesis, however, demands that 
the interpretation of the nature of re- 
sponse competition be extended. Rather 
than being limited to competition from 
List 1 responses, the interference effect 
now must be considered to be a function 
of the number of associates elicited by 
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the individual List 1 response elements. 
In fact, the latter source of negative 
transfer, in view of the pronounced dif- 
ference in transfer between the high and 
low List 1 response-M treatments, may 
well be assumed to be the most potent 
source of response competition. 

The decreasing negative transfer for 
the Hi-L» and Ly-Ly treatment and the 
positive transfer obtained with the L;-Hs 
treatment presents some interesting im- 
plications for transfer theory. As pre- 
dicted, the Li;-Hs treatment had the 
highest level of performance on List 2 
and the least negative transfer (relative 
to the other A-C treatments). The fact 
that the net transfer effect for this 
treatment was actually positive suggests 
that the differentiation factor con- 
tributed a facilitative effect considerably 
greater than the interference factor. 
The magnitude of transfer found with 
each A-C treatment, then, was a joint 
function of the relative strengths of the 
differentiation and interference factors. 

Further discussion regarding the effects 
of List 1 response M is warranted. While 
the interpretation given fits nicely into 
Postman's (1961) response-mediation in- 
terpretation of transfer and retroaction, 
the locus of the interference effect can- 
not be unequivocally attributed to List 
List 1 response M. The experimental 
treatments did differ markedly in List 1 
response M, but they also differed in 
degree of List 1 learning (in terms of 
trials to criterion). This fact, in prin- 
ciple, could account for the positive 
relationship found between List 1 M 
and negative transfer, either by greater 
Warm-up or learning-how-to-learn in 
the L; treatments, or, by some as yet 
unexplained relationship between trials 
to criterion on List 1 and negative trans- 
fer. More complete discussions of this 
problem are presented by Anderson 
(1963) and Underwood (1964). 

This interpretation is not favored for 
two reasons: (a) The positive effects 
of List 1 overlearning in reducing nega- 
tive transfer have been small (e.g. 
Postman, 1962), relative to the pro- 
nounced effects obtained in the present 
experiment; and (b) The effects of List 
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| practice, if attributable to warm-up 
or learning-how-to-learn, | presumably 
should also have been present in the 
C-D paradigm treatments. In this case, 
the effects of List 1 practice would have 
been controlled by the use of difference- 
score measures (A-C — C-D) to assess 
transfer. Additionally, this discussion 
is not applicable to the interlist response- 
differentiation factor in that the effect 
was present both in the Hi (Hi-L2) and 
Li (Li-Ha) A-C treatments. 
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OPTIMAL RESPONDING IN MULTIPLE-CUlL: 
PROBABILITY LEARNING ! 


CAMERON R. PETERSON, KENNETH R. HAMMOND, 
AND DAVID A. SUMMERS 


University of Colorado 


57 Ss participated in a 3-cue, probability-learning experiment for 200 


trials. 


The response system of Ss was compared with the optimal 


response system as defined by a linear multiple-regression equation. 
Results indicated that Ss fell only a little short of the optimal response 
strategy. The response-criterion correlation of about .73 corresponded 


to an optimal value of .83. 


Both (a) the response multiple R of about 


-90 and (b) the response-optimal response correlation of about .85 cor- 


responded with optimal values of 1.0. 


Response-cue weightings of 


about .41, .33, and .21 corresponded with optimal values of 50, .33, 


and .17. 


Confidence intervals (95%) of the response-cue weightings 


remained appropriately separated after the Ist 40 trials. 


Two distinguishable research ap- 
proaches have been applied to the 
classical probability-learning experi- 
ment. The descriptive approach fo- 
cuses on the performance of Ss, often 
to test predictions derived from a 
statistical learning model. These are 
models of actual behavior. The 
normative approach compares the 
performance of Ss with ideal per- 
formance, where ideal performance 
is specified by a rational model. 
Whereas the descriptive approach is 
concerned with actual behavior, the 
normative approach is concerned with 
the discrepancy between actual and 
ideal behavior (cf. Estes, 1961). 

Multiple-cue, probability-learning 
research has, for the most part, been 
descriptive (e.g., Hursch, Hammond, 
& Hursch, 1964; Smedslund, 1955; 
Summers, 1962; Uhl, 1963). The 
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ons. 
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present experiment, by contrast, 1$ 
normative. lt investigates man's 
capacity as an intuitive statistician 
in the multiple-cue, probability-learn- 
ing experiment (Brunswik, 1956, pp- 
80-82, 127-130). 

Optimal behavior in the classical 
probability-learning task is to mini- 
mize expected error by predicting, on 
every trial, the most frequent event. 
There is also a strategy that will mini- 
mize expected error in the multiple- 
cue, probability-learning task. This 
strategy minimizes the square of the 
discrepancy between the prediction of 
the criterion and the actual criterion. 

The optimal strategy? is incor- 
porated in the multiple-regression 
equation, 
P-acbhXiRbXiR... OI 
where Y is the predicted value of the 
criterion, Y. Equation 1 minimizes 
the expected squared discrepancy 
between Y and Y. The Y is com- 

3 The present discussion will restrict itself 
to the linear multiple probability-learning 
task, in which all of the systematic covari- 
ance between the cues and the criterion lies 


ona linear regression plane, and the remaining 
covariance is error. 
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prised of a constant value, the inter- 
cept a, plus the weighted sum of 
the cue values when each cue, X;, is 
weighted by a b coefficient, b: The 
constants, a and b, are selected such 
that the expected squared discrepancy 
between Y and Y is minimized. Thus, 
the criterion of minimizing expected 
squared error defines the optimal 
strategy for a multiple-probability 
learning task as responding with Ys 
which are specified by Equation 1. 
This strategy is analogous to the 
maximizing strategy of a simple 
probability-learning task. Both strat- 
egies have the effect of minimizing 
expected error ; the multiple-regression 
equation, 1, extends the principle of 
minimizing error from the two-choice 
task to the multiple-cue task. 

The purpose of the present experi- 
ment was to measure several char- 
acteristics of the response system 
of Ss in a multiple-cue, probability- 
learning experiment, and to compare 
these characteristics with those of an 
optimal response system as defined by 
the appropriate multiple-regression 
equation, 1, and thus to evaluate S’s 
capability as an intuitive statistician. 


METHOD 


Stimulus array.—The multiple-cue, prob- 
ability-learning paradigm calls for several cue 
variables which are probabilistically related to 
the criterion variable. Three cues, each with 
a different b coefficient, were used in the 
present experiment. Cue and criterion values 
comprised the 200 multivariate trials of the 
experiment. 

The following procedure generated cue 
Values, preliminary criterion values, and 
corrected criterion values. (e) Two hundred 
numbers between 1 and 10 were selected from 
a random number table for each cue, yielding 
rectangular distributions with approximately 
Zero correlations between cue variables. (b) 
The preliminary criterion for each trial was 
assigned a value equal to the weighted sum 
Of the three cues (Xa, Xs, and X,) according 
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to the following parametric equation 
Y = 0 + 1/6Xa +1/2X, + 1/3X.. [2] 


This procedure yielded a criterion variable 
of approximately normal distribution which 
was linearly determined by the three cues. 
(c) The task was made probabilistic by reduc- 
ing the dependence of the criterion upon the 
cues. One of the nine operations (+3, +2, 
4-1, 0, 0, 0, —1, —2, —3) was applied to each 
criterion value, depending upon which num- . 
ber was found in a random number table. 
The criterion was then rounded off to the 
nearest whole number between 1 and 10. 
The resulting relation between the cues and 
the criterion was no longer deterministic; 
the stimulus multiple R was .83. 

The stimulus array of 200 trials created by 
a, b, and c possessed approximately the same 
characteristics that were generated by the 
parametric equation, 2. The intercept was 
.02 and the respective b coefficients were .15, 
49, and .36. 

Response measures.—lhe three response 
b coefficients served as measures of cue weight- 
ing. This was a departure from the measure 
traditionally used—the correlation coefficient 
between cue and response. Whereas the 
traditional concern has been with the degree 
to which the response system provides a 
"mirror image" of the stimulus system 
(Brunswik, 1956, pp. 50 and 141), the present 
experiment investigated the extent to which 
the response system corresponded with the 
optimal response system. 

Certain correlations do, however, provide 
a comparison of actual behavior with the 
optimal behavior of Equation 1. These 
correlations were used as response measures 
in the present experiment: (a) the multiple 
R of the response system; (b) the correlation 
between response and the parametric regres- 
sion plane defined by Equation 2; and (c) 
the achievement correlation between re- 
sponses and criteria. The rationale for using 
these measures is as follows. The optimal 
equation, 1, is a statistic which is an estimate 
of the parametric equation, 2. As the ob- 
servation base (number of trials upon which 
the optimal equation, 1, is based) increases, 
its constants should stabilize and come to 
approximate the parametric constants of 
Equation 2. Thus, in the case of optimal 
behavior, the measures a and b should 
approach 1.0. Asa consequence, the measure 
c should fluctuate around the stimulus mul- 
tiple R of .83; the multiple R is equal to the 
correlation between Y and f (cf. Hursch 


et al., 1964, p. 50). 
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Subjects —Fifty-seven students from an 
introductory psychology course served as Ss. 

Apparatus.—ln order to conduct group 
testing, a method was needed by which both 
cue and criterion values could be displayed 
to all Ss. For this purpose, the apparatus 
consisted of a 3 X 4 ft. plywood board on 
which three vertical columns served as cues. 
The columns, labeled A, B, and C, were 
numbered from 1 to 10. Directly below these 
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emmumme Response 
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columns was a single horizontal row, also 
numbered from 1 to 10, which served as the 
criterion. The board was constructed with 
hooks protruding over each number so that 
3-in. diameter rings could be positioned by E, 
on the board, encircling the appropriate cue 
and criterion values. The Ss recorded their 
responses throughout the task in answer 
booklets. 

Procedure —The Ss’ primary task was to 
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predict, as closely as possible, the criterion 
value for each of 200 trials. Each trial con- 
sisted of three steps: (a) the three cue values 
were signified by rings placed over the ap- 
propriate numbers on the display board; (b) 
cach S recorded his criterion prediction in his 
answer booklet; (c) Ss were shown the correct 
criterion value by a ring placed over the 
appropriate number on the horizontal bar. 

Prior to the prediction task, E read to Ss 
nontechnical instructions which focused upon 
the following properties of the task: (a) the 
task was probabilistic, thus preventing perfect 
accuracy of prediction; (b) the task was 
additive, ie., error could be minimized if 
each prediction was based upon the properly 
weighted sum of the cue values; and (c) the 
cue weightings remained stationary over the 
200 trials despite occasional random fluctua- 
tions. lt was pointed out to Ss that this 
information paralleled that emploved by an 
"ideal statistician" with whom their per- 
formance was to be compared. 

A secondary task involved subjective judg- 
ment of cue weightings. Following each block 
of 40 trials, Ss were instructed to record the 
rank of the cues (Columns A, B, and C) in 
determining the criterion (horizontal bar) 
value. The ranking was intended merely to 
focus Ss upon the notion of differential cue 
weighting; these data were thus not analyzed. 
Immediately following the completion of 200 
trials, Ss were instructed to indicate their 
final judgment of the cue weightings. The Ss 
recorded their judgments by partitioning into 
three areas a 100-point scale printed in the 
answer booklet. The relative magnitude of 
the respective areas was to reflect the relative 
weighting of the respective cues. 


RESULTS 


Comparison of optimal and response 
constants.—Block-by-block compari- 
sons of task and response constants 
are presented in Fig. 1 and Table 1. 
Figure 1 focuses upon differential cue 
weighting. The left-hand column 
presents the parametric b coefficients, 
the cue weightings of Equation 2 
used in generating the stimulus array. 
The actual block-by-block stimulus 


Cue weightings, the dashed lines, 
fluctuate randomly around the cor- 
c values. Op- 


responding paramet ri 


timal cue weightings would approxi- 


TABLE 1 


STIMULUS AND RESPONSE INTERCEPTS 


Block I zr | nnm Bw 
Stimulus Intercept | .465 | .133 | —.725| .343 | .229 
Mean Response 

Intercept 448 | .377 .278| .410 | .655 
7M -010 | .078 .079| .114 | .100 


mate cumulative values of those block- 
by-block values connected by the 
dashed lines. The solid response 
curves indicate that the response cue 
weightings quickly separated in the 
appropriate directions, but that the 
separation was of less than optimal 
magnitude. The response curves are 
essentially horizontal from Block II to 
theend of training. One exception isa 
dip in Block IV for the highest cue 
weighting. This dip, however, corre- 
sponds with an even sharper dip in the 
stimulus b coefficient. With this ex- 
ception, the 95% confidence intervals 
separate after Block I and remain 
separated. 

Like the response weightings, the 
subjective cue weightings obtained 
after the training trials separated in 
the appropriate directions, but the 
magnitude of separation was less than 
optimal. The subjective weightings 
appear somewhat higher than the cor- 
responding response weightings, per- 
haps because the subjective weight- 
ings were forced to sum to 1 whereas 
the response weightings typically 
summed to a little less than 1. 

The other comparison of subjective 
and optimal constants, the intercept, 
is presented in Table 1. The block- 
by-block stimulus intercept fluctuated 
around the parametric value of zero; 
the mean response intercept remained 
slightly above zero; and the standard 
error of the mean response intercept 
was generally small. 

Response correlations—The corre- 
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Response multiple Rs (circles) 
and correlations between response and 
parametric regression plane (squares) as a 
function of blocks of trials. (Vertical lines 


indicate the respective 95% confidence 
intervals.) 


lationst in Fig. 2 and 3 permit a 
further comparison of Ss’ behavior 
with ideal behavior. The top curve 
of Fig. 2 represents the response 
multiple R during each block. This 
measure should remain at approxi- 
mately 1.0 for optimal responses after 
attainment of stable cue weightings. 
The mean response multiple R closely 
approximated this; it remained near 
.90 throughout the blocks of trials. 
The lower curve of Fig. 2 represents 
the correlation between responses and 
the parametric regression plane. 
When the optimal equation, 1, sta- 
bilizes at the parametric equation, 2, 
optimal responses should lie on the 


5 Response correlations of Fig. 2 and 3 
have been averaged by means of the z trans- 
formation. This transformation is not 
strictly legitimate in the case of the multiple 
R, but it was the most reasonable procedure 
available which would yield confidence inter- 
vals comparable to those describing product- 

a trs Empirical support for the use of 
DEM ansformation upon multiple Rs is that 
the z e armed median Rs in no case differed 
Bum reported means by as much as .02. 


parametric plane, resulting in a cor- 
relation of 1.0. The response curve 
falls short of 1.0; it fluctuates around 
.85. 

The solid curve of Fig. 3 is the 
achievement coefficient. As optimal 
responses approach Equation 2, the 
achievement correlations should ap- 
proach the dashed curve of Fig. 3. 
This curve represents the block-by- 
block correlations between the para- 
metric regression plane and the actual 
criterion values; it fluctuated around 
the stimulus multiple R of .83. The 
achievement of Ss generally paral- 
leled, but fell about .10 unit below, 
the optimal achievement. 


DISCUSSION 


The purpose of the experiment was to 
compare the response system of Ss with 
the optimal response system in a mul- 
tiple-cue, probability-learning task. For 
each analysis the result was the same: 
The response system of Ss fell a little 
short of the optimal response system. 
Although Ss consistently deviated from 
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optimal performance, the amount of 
deviation was generally small. Over- 
all achievement was high during all 
blocks of trials. It fluctuated only about 
10 correlation point below the optimal 
level. The linear dependence of re- 
sponses upon cues was also quite high; 
the average response multiple R fluc- 
tuated near .90, only .10 correlation 
point below the optimal. The correla- 
tion of responses with the parametric 
regression plane was only about .05 
correlation point below the response 
multiple R; therefore nearly all of the 
linearity in the response system was 
based upon the cues in an appropriate 
manner. Additional evidence for this 
point resides in the response b coefficients 
presented in Fig. 1. The mean response 
b coefficients separated in the appro- 
priate directions as early as Block I, 
the 95% confidence intervals generally 
remained appropriately separated there- 
after. However, the separation was less 
than optimal during all blocks. 

The finding that actual performance 
was in the optimal direction, but was of 
somewhat less than optimal magnitude 
is congruent with the results of certain 
other experiments which have studied 
Ss as intuitive statisticians. Static sub- 
jective probabilities have been shown to 
underestimate high and overestimate 
low relative frequencies (e.g., Attneave, 
1953; Preston & Baratta, 1948). Ex- 
periments using Bayes' theorem as a 
normative model have shown either 
that (a) the revision of subjective prob- 
abilities is in the correct direction, but of 
insufficient magnitude (Edwards & 
Phillips, 1964; Peterson, Schneider, 
Miller, 1965), or that (b) revision of sub- 
jective probabilities is only partially 
sensitive to optimal revision (Peterson 
& Miller, 1965). The matching finding 
of the classical probability-learning ex- 
periment is, of course, 2 similar finding 
(Grant, Hake, & Hornseth, 1951). 
Matching lies between optimal and 


random performance. 
p hing model pro- 


The probability-matc n 
vides an interesting alternative to the 
normative model from which to wr 


experiments such as the present one. 


probability match between stimulus and 
response multidimensional scatterplots 
implies, as does the normative model, 
that the response intercept and response 
b coefficients match corresponding stim- 
ulus constants. However, predictions 
from the two models differ with respect 
to the response multiple R. Whereas 
the normative model implies a response 
multiple R of near 1.0, the probability- 
matching model predicts a match be- 
tween stimulus and response multiple 
Rs. According to the probability-match- 
ing model, S should match the random 
variance as well as the systematic vari- 

ance in the stimulus array. Thus, the 

probability-matching model predicts that 

the response multiple R should reach 

(asymptotically) .83 in the present 

experiment. According to Fig. 2, the 

confidence intervals of the response 

multiple R were above .83 during all 

blocks of trials. This result means that 

behaving in accord with the probability- 

matching model does not account for the 

failure to reach optimal achievement in 

the present experiment. 

Finally, responses in this experiment 
did not result in typical learning curves. 
All measures of performance apparently 
reached asymptotic level by Block II. 
This is a sharp break from the usual 
finding of slow learning in multiple-cue 
learning experiments (e.g., Smedslund, 
1955). A possible explanation is that Ss 
in the present experiment were instructed 
that the task was linear and stationary; 
such instruction may have resulted in 
faster learning by eliminating many 
erroneous hypotheses before the blocks 


of trials began. 
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A display consisting of triangular arrangements of 3 Vanderplas and 


Garvin nonsense forms was tachistoscopically presented. 


In the center 


of the triangle a 4th form (cue) occurred which was identical to 1 of the 3 
1 


and S indicated which of the 3 was identical to the cue. 
tation were used: cue occurred 1st followed at delays of 10-700 
by the 3 alternatives; alternatives occurred Ist followed by the 
There were 2 conditions; 1 where the adapting and delay fields 


presen 
msec. 
cue. 


2 sequences of 


of the tachistoscope were dark, and the other where they were illumi- 
nated. 36.Ss were run. For dark-adapting and delay fields impairment 


in recognition was obtained at d 
quences. A marked superiori 
sequence was found in both cond 
consistent with findings of othe 


Models developed to account for 
short-term, perceptual-memory effects 
portray a system in which the periph- 
eral stimulus event is held as an ac- 
curate, fully developed representation 
for a duration of somewhere in the 
neighborhood of a quarter of a second 
(Averbach & Coriell, 1961; Sperling, 
1960, 1963). The decay of this image 
is assumed to bea monotonic function 
of time reaching an asymptote cor- 
responding to a more permanent type 
of memory or storage. Recent evalua- 
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elays under 100 msec. for both se- 


ity of the cue followed by alternatives 


itions. This result was shown to be 


r studies on short-term memory. 


tions of these positions have suggested 
various reservations. Posner (1963) 
citing work by Pollack (1959) on 
information-handling strategies sug- 
gests that this perceptual storage 
system accounts for a limited range 
of perceptual events. Eriksen and 
Steffy (1964) were unable to demon- 
strate the decay function in a series 
of studies and found response ac- 
curacy to be quite susceptible to a 
variety of suppressing influences other 
than short-term decay. 

The present studies have explored 
further the temporal character of 
perceptual storage using more com- 
plex stimulus material and a forced- 
choice recognition procedure. 


EXPERIMENT I 
Method 


The experimental task required S to iden- 
tify a cue nonsense form from a group of three 
alternative nonsense forms whose briel 
presentation terminated on half the trials 
10-700 msec. before the brief. presentation 
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form. On the remaining trials 
ipe a terminated by these time inter- 
vals prior to presentation of the alternatives. 
Both the cue form and the multiple-choice 
alternatives were presented tachistoscopically. 
The presentation , Sequences (alternatives 
before or alternatives after the cue form) 
were varied since it was thought this might 
provide a sensitive test as to Whether short- 
term perceptual memory differs in kind from 
long-term memory. Presenting the alterna- 
tives first requires that S remember three 
forms (only two if optimum strategy is used) 
to compare with the cue form when it occurs. 
Presenting the cue first requires memory for 
only one form and consequently offers less 
possibility of forgetting due to interference 
effects among the memory traces. 

Two conditions of viewing were employed. 
Under the dark condition the adaptation 
field and the delay field occurring between 
cue (alternatives) and alternatives (cue) 
were dark while under the light condition 
both adaptation and delay fields were il- 
luminated. On the basis of previous findings 
(Eriksen & Hoffman, 1963; Eriksen & 
Steffy, 1964; "Thompson, 1964) it was antici- 
pated that the dark condition would result 
in luminance summation between the two 
stimulus fields leading to impaired perform- 
ance due to contrast reduction of the forms 
at delays of less than 100 msec, 

The S was introduced to the experimental 
task by way of a threshold or base-level deter- 
mination procedure. Here the cue and 
alternatives were presented simultaneously 
in a display in which the cue was in the center 
of a triangular arrangement of the alterna- 
tives. The S was instructed that a duplica- 
tion of the center figure would be found in 
one of the three forms encircling it. He was 
to designate the matching figure as left, right, 
or top. The exposure time needed for § 
to achieve a recognition of 90% correct was 
determined and this exposure duration was 
then used for this S as the duration for both 
the cue and the alternative fields during the 
experimental trials. In the experimental 
trials that followed, delay intervals of 10, 50, 
100, 300, 500, and 700 msec. were used to 
separate the cue and the alternatives. During 
these delay periods the display reverted to 
the adaptation field. The order of delay 
interval and sequence of presentation, alter- 
natives-delay-cue (ADC) or cue-delay-alter- 
natives (CDA), were counterbalanced across 

Ss. Each S received 20 trials at each delay 
interval for each sequence. All 240 judg- 
ments were taken in a single experimental 
session, The S was instructed that he would 
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see figures like those in the threshold phase 
but that the alternative figures and the cue 
would be separated in time. In the CDA 
sequence the cue, he was told, would be seen 
first and be followed a split second later by 
the three alternatives. He must hold that 
figure in mind to compare it with the alterna- 
tives. Corresponding instructions were given 
preceding the ADC sequence. n 

Apparatus and materials.—The stimulus 
figures were taken from the nonsense forms 
published by Vanderplas and Garvin (1959). 
The cue and alternative forms were solid 
black and presented against a white ground. 
The cue form was presented in the center of 
the display. In the alternative display the 
cue and two other forms of comparable 
complexity and association value were placed 
on the points of an imaginary equilatera 
triangle whose center would correspond to 
the spatial location of the cue form. The cue 
occupied 45' of visual angle and the altitude 
of the imaginary triangle used to locate a 
Position of the alternative forms constitute 
3.3% 

One hundred and twenty cues and cor- 
responding alternative cards were constructed 
for each of the presentation sequences (CDA 
and ADC). Although the same set of three 
alternative forms was matched with each cue 
form in the CDA and the ADC orders, the 
figures varied in position. The arrangement 
of alternative forms was ordered so that the 
probability of a correct answer at any position 
was $. The stimulus figures, all taken from 
the midrange (8- and 12-point complexity) 
of the Vanderplas and Garvin forms, were 
assigned to six sets of 20 pairs which were 
given in the same sequence to all Ss. To 
control for contingencies among the delay 
intervals the pairing of set and interval was 
counterbalanced across all Ss. 

A three-field Dodge-type tachistoscope 
was used with presentation fields 15.5 cm- 
Square and illuminated by 3.6 apparent 
footcandles (ftc.). One of the three p«r 
was used as the adaptation and delay fie 
and the cue form was presented in one of the 
remaining fields and the set of alternatives 10 
the other. In the dark condition a faint, 
luminous cross was used as a fixation point- 
In the light condition the adaptation field t 
illuminated by 6.5 apparent ftc. and a bam 
cross constituted the fixation point. Unde 
this condition the stimulus fields containing 
the cue and the alternatives were super 
imposed upon the adaptation-field luminance 
and the interval between stimulations CO" 


stituted a return to the adapting-ficl 
luminance, 
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Subjects—Twenty-four male neuropsy- 


chiatric patients at the Danville Veterans 
Administration Hospital were selected. They 
were evenly assigned to the light and dark 
experimental conditions on a random basis. 
In selecting Ss, patients with visual defects, 
known neurological impairment, and poor 
judgment were excluded. The mean age of 
the sample was 38.1 yr. with an SD of 6.49 yr. 


Results 


Before examining the influence of 
delays, cue-alternative sequences, and 
illumination of delay field, several 
between-S variables were examined. 
A comparison was made of the ex- 
posure durations necessary for Ss in 
the light and dark conditions to 
reach the 90% criterion of recogni- 
tion accuracy on the base-level series 
where the cue and alternatives were 
presented simultaneously. It had 
been previously found that a tach- 
istoscopic method that employsa dark 
adaptation field preceding and fol- 
lowing the stimulus exposure, requires 
shorter exposure durations for the 
same accuracy criterion than a method 
employing a light pre- and postadapta- 
tion field (Eriksen & Hoffman, 1963; 
Eriksen & Steffy, 1964). Conse- 
quently it was expected that the 
exposure durations in the base-line 
series would be shorter for Ss in the 
dark condition. The mean exposure 
duration in milliseconds for Ss in the 
dark condition was 174.6 and a 
for the light condition. While the 
difference is in the expected aaron 
it falls just short of significance -— F 
5% level for a one-tailed test, t 


(22) = 1.00. — 
In the expen : 
Ss in each conditio 
sequence ADC first. The mmber A 
correct recognitions Was up ay 
Ss across conditions and de ay nie 
vals for the two orders. The mo mem 
means were nearly iden li 


t (22) = 97. 


ental series half the 
were given the 


e-e DAR CDA 


S 


MEAN CORRECT REPORTS 


T 1 —— 4 1 
O  1!00 200 300 400 500 600 700 
DELAY INTERVAL IN MSEC 


Fic. 1. Report accuracy as a function of 
delay time, illumination of delay field, and 
sequence of cue-alternative presentation in 
Study I. 


The effect of the experimental 
treatments upon recognition accuracy 
was evaluated by a modified four-way 
analysis of variance: Ss, conditions 
of the delay field (light or dark), 
delay intervals, and cue-alternative 
sequence. Three significant effects 
were obtained. Besides significant 
differences due to Ss, F (22, 110) 
=5.4, p < .001, the main effect for 
sequence is significant, F (1, 22) 
= 23.2, p < .001. There is also a 
significant Delay X Condition inter- 
action, F (5, 110) 2 3.4, 9 « .01. 

In Fig. 1 recognition accuracy is 
shown as a function of delay interval 
for the two sequences in each of the 
two experimental conditions. For 
both the light and dark conditions 
the sequence, CDA, gives better 
recognition accuracy at all delay 
intervals. While there was no sig- 
nificant effect for the delay interval 
as a main effect in the analysis of 
variance, nonetheless introducing even 
a 10-msec. delay between the alterna- 
tives and the cue form results in an 
appreciable reduction in recognition 
accuracy from what is obtained when 
the cue and the alternatives are 
presented concurrently. This holds 
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true for both conditions and for both 
sequences. The biggest loss occurs 
for the dark condition and within 
that condition for the ADC sequence. 

The significant Delay X Condition 
interaction noted in the analysis of 
variance is seen to be quite complex. 
Under the dark condition the CDA 
sequence shows maximum loss in 
recognition accuracy with a delay 
of 10 msec. with the loss becoming 
progressively less until a 100-msec. 
delay is reached. There is also a 
suggestion of an improvement in 
accuracy from 500 to 700 msec. delay. 
The curve for the ADC sequence in 
this condition is not as clear-cut 
although there appears to be a 
tendency to follow a similar pattern 
of poorer recognition at the shorter 
delays that is partially recovered by 
300 msec. In the light condition the 
ADC sequence suggests a progressive 
loss in recognition accuracy as the 
cue is delayed longer. However, for 
the CDA sequence little Systematic 
change in recognition accuracy as a 
function of delay is noted. Recogni- 
tion accuracy is approximately the 
same at 700-msec. delay as at 10- or 
50-msec. delay. The only marked 
departure for this condition and 
Sequence is a rather peculiar reduction 
in accuracy at the 300-msec. delay. 


ExPERIMENT II 


This experiment was an exact 
replication of the light condition of 
the preceding experiment with the 
exception that it was carried out upon 
a sample of normal Ss, Only the light 
condition was replicated since the 
results obtained for the dark condition 
were commensurate with our previous 
findings on temporal-luminance sum- 
mation and it was our purpose to get 
more information on the memory and 


decay process independent of the 
luminance summation effect. 


Method 


Procedure.— he procedure was identical 
to that employed for the light condition in 
the previous experiment. 

Subjects—Twelve male employees of the 
Physical Medicine and Rehabilitation Service 
at the Danville Veterans. Administration 
Hospital volunteered to serve as Ss. All 
were paid a fixed rate for their ser ^ 
Half the group were college graduates and 
three others were college students worki ig In 
a training capacity at the hospital. The 
average age of the sample was 34.25 yr. with 
an SD of 9.75, 


Results 


Recognition accuracy was evaluated 
by a three-way analysis of variance 
(Ss, delays, and sequences). A £ 
test for the order in which the CDA 
and ADC sequences had been ad- 
ministered to Ss gave a / value of less 
than 1. As consistent with the pre- 
vious experiment significant main 
effects attributable to Ss, (L1, 55) 
—-55,5« -001, and to the presenta- 
tion sequence, F (1, 55) = 37.3, 
b < .001, were found. 

To provide a more sensitive test of 
delay and sequence effects as well as 
to determine differences between the 
patient and normal samples, the data 
in this experiment were combined 
with the light-condition data for the 
patient population in Exp. I and a 
modified four-way analysis of vari- 
ance (patient vs. normal group, Ss, 
delays, and sequences) was carrie 
out. 

Sequence and S effects were of 
course significant (p < .001) but there 
was no significant main effect at- 
tributable to the differences between 
the patient and normal group, / 
(1, 22) <4, There is however, 2 
Significant third-order interaction be- 
tween groups, delays, and sequences 
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(p < .001) and a second-order inter- 
action between delays and sequences 
is significant when evaluated against 
its error term (p < .01). 

The nature of these effects is seen 
in Fig. 2. Here recognition accuracy 
as a function of delay interval and 
sequence has been plotted for the 
normal group in Exp. II and also 
the averaged data for the normal and 
patient samples are plotted. If the 
data from the second experiment are 
examined first, it is noted that there 
is again a marked superiority in 
recognition for the CDA sequence 
at all delay intervals. The curve for 
the ADC sequence is quite similar to 
that obtained under the comparable 
light condition in Exp. 1. The CDA 
sequence also shows general agreement 
with the light condition of Exp. ! 
with the exception of the 300-msec. 
delay. In Exp. I] there is an im- 
provement in recognition accuracy 
at this delay interval whereas under 
the comparable light condition in the 
preceding experiment the patient Ss 
showed a rather pronounced drop. 
This difference in performance at 
300 msec. on the CDA sequences 
between these two samples would 
seem to account for the third-order 
interaction that was noted in the 
analysis of variance. . 

When the data for the patient 
1 the light condition of the 


sar ir j 
md were combined 


À Mie co 
preceding experimen 
with the data from the normal Ss 


in the present study, the saa 
between delays and sequences note 

in the analysis of variance 1S seen to 
consist of an increasing difference in 
recognitión accuracy between E y 
sequences as the delay interva : 

lengthened. For the CDA — 
recognition accuracy shows S E 
ency to improve out to the maximu 

time interval investigated after an 


281 


= EXP II 
19 o— EXP. 1 A II AVERAGED 


18] 

o 

2 

= 

$a 

& 

È 

5 

3 is 

= 

= 

5 

ral 

z 

= 

E 

E 

13 E i- L 
o 100 200 300 400 500 600 706 
DELAY INTERVAL IN MSEC 
FiG. 2. Report accuracy as a function of 


delay time and sequence of cue-alternative 
presentation for Study II and for the bright 
field condition of Study I averaged with 
Study II. 


initial drop at short delays. On the 
other hand the ADC sequence shows 
a rather rapid decay in accuracy for 
delay intervals under 100 msec. and 
then a more gradual decay as the 
delay is lengthened. 


Discussion 


The findings in Exp. I for the dark 
condition are consistent with previous 
data reported by Eriksen and Hoffman 
(1963) and Eriksen and Steffy (1964). 
It had been found that a stimulation 
sequence consisting of dark-adaptation 
field—luminated stimulus field—dark- 
adaptation field—luminated stimulus 
field—and dark-adaptation field, resulted 
in impaired recognition performance 
when the stimulus fields were separated 
by delay intervals of less than 100 msec. 
This impaired recognition was attributed 
to a reduction in the figure-ground 
contrast for the stimuli due to a tem- 
poral-luminance summation between the 
successive luminated fields. It was 
previously shown how a luminance 
summation explanation was consistent 
with other data in the field of vision 
and not only accounted for the reduced 
recognition with sequential stimulation 
at these delay intervals but also explained 
why durations of exposure for a given 
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level of recognition accuracy are gen- 
erally lower when a dark pre- and post- 
adaptation is employed with single- 
stimulus field exposures. : 

In Exp. I the function obtained for 
the CDA sequence in the dark condi- 
tion fits the luminance summation ex- 
planation very well. Recognition is 
poorest at the 10-msec. delay, improves 
at 50 and apparently approaches an 
asymptote by a 100-msec. delay. The 
function obtained for the ADC sequence 
is not quite as clear. The reversal 
between the 50- and 100-msec. delay 
intervals is inconsistent with this ex- 
planation but may perhaps be attributa- 
ble to chance fluctuation since the rest 
of the function is commensurate with 
the explanation. 

The results from neither of the condi- 
tions in Exp. I nor from the replication 
data of Exp. II provide support for the 
view that brief perceptual memory differs 
from long-term memory phenomena. 
The differences in recognition accuracy 
obtained between the CDA and the 
ADC sequences are consistent with the 
brief memory functions reported by 
Murdock (1961) and by Melton (1963). 
The results are not consistent with what 
would be expected if there was a per- 
ceptual memory comparable to a com- 
plete image of the stimulus that persisted 
for a brief period of time following 
termination of the stimulus (Sperling, 
1963). 

From this latter theory it would be 
anticipated that recognition accuracy 
would be equally good when the display 
containing the three alternative forms 
is presented first followed by the cue 
form as the reverse sequence. Under 
the ADC sequence a complete but rapidly 
decaying representation of the three 
alternative forms would be present at the 
time the cue form appears clear and 
definite in perception. The task would 
then be to match the clear cue form with 
the three alternatives cach of which has 
decayed approximately the same amount. 
Under the CDA sequence the task would 
be to match a rapidly decaying percep- 
tion of the cue form with three clear 
representations of the alternatives. The 
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matching problem, whether one is dealing 
with a partially decayed set of alterna- 
tives or a partially decayed cue, would 
seem to be about equally difficult. 

Contrasted with this view of the nature 
of the memory trace are the more con- 
ventional interference theories of mem- 
ory. From the interference viewpoint 
it would be predicted that the ADC 
sequence would be more difficult and 
lead to poorer recognition than the CDA. 
Under the ADC sequence S is faced with 
the task of remembering three forms 
with the attendant interference until 
the cue form occurs. This represents 
considerably more interference than 
would be represented by the CDA 
sequence where only one form has to be 
remembered over the brief time span. 

Further evidence that the memory 
phenomena obtained at these very brief 
intervals is comparable to memory 
phenomena over longer periods is ob- 
served in the very marked similarity of 
the functions obtained for the ADC 
and CDA sequences to the data reported 
by Murdock (1961) for words and 
Melton (1963) for consonants for mem- 
ory intervals of from 3 to 32 sec. Mur- 
dock (1961) found that one word was 
remembered over an 18-sec. interval 
with little or no evidence of forgetting, 
whereas three words showed a very 
marked decay within the first few 
seconds. Similar findings were obtained 
by Melton (1963) for consonants. Our 
results show that one nonsense form is 
remembered with little or no impairment 
over the interval of 700 msec. whereas 
three nonsense forms show a very 
pronounced decay within the first 100 
msec. and a tendency to decay more 
slowly throughout the remainder of the 
investigated delay intervals. 

The memory intervals involved in the 
present experiment are very much shorter 
than those used by these other Es: 
Neither Murdock (1961) nor Melton 
(1963) found much decay at a 1-seC: 
interval, but both employed meaningful 
material and their stimuli were presente 
for a longer period of time. The longer 
duration of the stimulus may have 
allowed for a more firmly established 
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trace in the Murdock (1961) and Melton 


(1963) studies and also the mem 
required may have been less complex 
for consonants and words than for 
nonsense forms. 

The finding that recognition accuracy 
shows a drop for short delay intervals 
on the CDA sequence and then a gradual 
ent up to 700 msec. may be 
active interference 
viously found 


improvem' 
attributable to retro 
effects that have been pre 


(Eriksen & Steffy, 1964). 
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CHOICE REACTION WITH VARIABLE S-R MAPPING! 
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ology Research Unit, Cambridge, England 


An experiment examined 2-choice reaction under fixed or variable 


mapping rules. 
representing a rule, I, that transfor 
came on in sequence. RT was al 
variable I. When I was variable, 


shorter RT, the reduction being greater for I. 


transition effects for I and M fror 
for I than for M: RT was shorter 


under variable I and conversely under fixed I. 


Each display contained a signal, M, and a symbol 


med it. In some conditions I and M 
ways shorter under fixed than under 
presenting I or M in advance led to 
"here were independent 
n one trial to the next, being greater 
with repetition than with alternation 
RT was longer with 


contra- than with homolateral mapping under fixed I or if I was variable 


and given in advance, otherwise it was invariant with 1 


This is a study of the effect in per- 
forming a sequence of computations 
of randomly varying the class of com- 
putation within the sequence. The 
general program at the present time 
involves computation at a level no 
more complicated than arithmetic 
sums and geometric or verbal trans- 
formations. Jersild (1927), using two 
classes of computation—word op- 
posites and numerical subtraction— 
found that an alternation of these in 
lists led to faster solution times than 
lists involving only one class: but 
alternations of more similar classes— 
add 3 or subtract 3; Opposites of 
adjectives or opposites of verbs—led 
to slower solution times. The present 
study examines in some detail the 
case of similar classes, appearing in 
random sequence rather than in simple 
alternation. 

Usually in choice-reaction tasks a 
one-one mapping of a set of signals, 
M, into a set of responses, R, is 
defined by a rule, i — i(M) = R, 
For many of these tasks R can be 
regarded as a systematic transforma- 
tion of AM by the operator i, It is a 
straightforward extension to introduce 
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a set of rules, 7, each of which confers a 
one-one mapping of M into R — I(AM) 
= R. In a sequence of trials Z and 
M can vary independently and RT 
can be examined as a function of each. 

The present experiment was con- 
fined to the case of set sizes [ = M = 2. 
Of particular interest were the transi- 
tion effects when neither, one, or both 
of these changed from one trial to the 
next. The experiment was in two 
parts: in the first J and AM appeared 
simultaneously in each display with 
no alerting signal; in the second they 
came on in sequence, the second com- 
ponent appearing with a latency j 
Sec. In a control condition a neutral 
alerting signal appeared at this ad- 
vance interval. 


METHOD 


A pparatus.—The display contained two 
lights (M), horizontally arranged with a 
6-cm. separation, and midway between them 
an illuminated cross of which the vertical and 
horizontal limbs (Z) could be lit independ- 
ently. The response panel contained two 
buttons horizontally arranged with 6-cm. 
separation. At each trial the display param- 
eters were preset by Æ and RT was recorded 
by a Dekatron timer to .01 sec. An electronic 
device could introduce a variable delay be- 
tween onset of the two display components 
and when used RT was measured from onset 
of the second component, 
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Design and procedure.—Six groups of Ss 
were used and each was tested under only one 
condition. 

Group 272 M (12 Ss): one of two lights, M 
(left or right) and one of two lines, Z (hori- 
zontal or vertical) came on simultancously 
at each trial. The horizontal line, H, defined 
a homolateral mapping of M into R and the 
vertical line, V, a contralateral mapping. In 
a session of 81 trials cach of the four possible 
displays occurred 20 times in a random 
sequence and each of the 16 possible first- 
order transitions occurred five times. There 
was a delay of about 10 sec. between trials 
and no alerting signal was used. 

Group 2H (6 Ss): only the two lights 
varied over trials. A homolateral mapping 
was defined in the instruction and the hori- 
zontal line always appeared in the display. 
In a session of 81 trials each light occurred 
40 times in random sequence and each of 
four possible first-order transitions occurred 
20 times. 

Group 2V (6 Ss): as for 2H except that a 
contralateral mapping was defined and the 
vertical line always appeared in the display. 

Group 2M 27 (12 Ss): as for 272M 
except that the onset of M always preceded 
the onset of I by 3 sec. 

Group 21 —2M (12 Ss): the onset of 7 
always preceded the onset of M by 3 sec. 

Group - —272M (12 Ss): a dot (the 
intersection of H and V) always preceded the 
onset of I and M by $ sec. 

The Ss in each group receive 
the first a practice session of 
and the other eight test sessions. . 

Instruction.—1n the practice session the 
rules and their operation were explained. It 
was pointed out that rotating the plane about 
a vertical axis midway oer e lient 
aii $1 sitions and about a horizonta 
HM the lights left them un- 


axis passing through the s 
imari, The Ss were instructed to use their 


index fingers to press the buttons and to 
respond as quickly as possible without making 


errors. 
Subjects —The 60 Ss wei 


age range 18-30. 


d nine sessions, 
about 10 min. 


re males in the 


RESULTS 


If Z was variable then RTs for II 
and V rules were separated, also RTs 
for the four types of transition 
neither, Z, or M, both changing Wer 
separated. If Z did not vary 3 ien 
RTs for repeat and alternate transl- 
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TABLE 1 


Mean RTs For DIFFERENT RULES, J, AND 
DIFFERENT TRANSITIONS OF J OR M 


Mean RT in 
Each Transition 
Category 


s 393 
M Tgi 381 sec, 
.448 
A 
HE 
s.674]|.712 
:698 | M 1^ 591].729 
1630] :663 


.650]|.671 
.550[.586 


:573|.606 
.500].526 
2517 |.536 


Cond. Mean RT 


.387 sec. 
A 


_ Note.—I or M could be the same, s, or different, d, 
in the transition from one trial to the next. 


tions of AZ were separated. These 
results averaged across sessions and 
across Ss within a group are shown in 
Table 1. It should be noted that RT 
to the first trial in a session was not 
classified and hence discarded. 

The results of Groups 2H and 2V 
were compared in an analysis of 
variance distinguishing groups, transi- 
tional state of M (same, s—different, 
d), sessions, and Ss. The difference 
between groups was significant; 
F (1,10) = 5.77, p « .05. The tran- 
sition effect was significant; F (1, 10) 
—19.89, p < .01. The sessions el- 
fect was significant; F(7,70) — 5.86, 
p «.001, representing a monotonic 
improvement with practice. There 
were no significant interactions. 

For Group 212M a t test of the RT 
differences between H and V rules 
was nonsignificant; ^ (11) = 1.17, 
p > .05. An analysis of variance was 
carried out distinguishing transitional 
state of /, transitional state of M, 
sessions, and Ss. The effects of both 
types of transition were significant ; 


for I: F (1,11) = 2644, p < .001; 
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for M: F (1, 11) = 39.56, p < .001. 
The sessions effect was significant, 
POTI = 31.29,p< -001, represent- 
ing a monotonic improvement with 
practice. There were no significant 
interactions. 

A t test of the RT differences be- 
tween H and V rules was carried out 
for each of the groups 2M — 2I, 
21 —^2M, -— 212M. It was signifi- 
cant for the second group only, ¢ (11) 
= ,38, p > 05; t (41) = 827, 
p < 001; t (11) = 1.17, p > .05, for 
the respective groups. An analysis of 
variance was carried out distinguish- 
ing groups, transitional state of J, 
transitional state of M, sessions, and 
S|groups. The differences between 
groups were significant; F (2, 33) 
= 12.23, p < .001. The effects of 
both types of transition were signifi- 
cant, for I: F (1,33) = 82.91, p < .001; 
for M: F (1,33) = 87.16, p « .001. 
The sessions effect was significant, 
F (7,231)= 4742, p < .001 rep- 
resenting a monotonic improve- 
ment with practice. Three interac- 
tions were significant: I X Sessions, 


TABLE 2 


'TorAL ERRORS FOR DIFFERENT RULES, J, AND 
DIFFERENT TRANSITIONS OF I OR M 


Cond. N Total Errors pt 
Category 

2H | 6 28 sS 

M ats 

11 

2V 6 27 = 

16 

I 

s i d 
3116 

; H-44 V=22 & 
212M | 12 M a 8/39 
4| 9 
28 3 

.—212M| 12 9 EI 
1624 
2M—2I | 12 5 3 22|5i 
2/15 
21—2M | 12 7 2d 3|20 


Note.—s = same; d = different. 
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F (7, 231) = 3.63, p < .01, M X Ses- 
sions, F (7, 231) = 2.09, p < .05, and 
I X M X Sessions, F (7,231) = 2.65, 
p< .05. None of these represent 
monotonic growth or diminution of 
the transition effects over sessions. 

A t test was carried out on the RT 
difference between Groups 212M and 
: —^212M. This difference was sig- 
nificant; ¢ (22) = 2.12, p « .05. 

The error scores represented less 
than 1% of all responses and so no 
group comparisons were attempted. 
However an interesting result is con- 
tained in the classification of errors 
into transition categories, as shown 1n 
Table 2. The transition effect on RT 
is clearly mirrored by the errors made 
in the transition categories. 


Discussion 


If class of computation is equated 
with mapping rule then the results show 
that RT is longer when the class is 
variable than when it is fixed over a 
sequence. Jersild’s result is thus con- 
firmed for the case when the classes are 
Similar. It remains, of course, to define 
the notion of similarity and explore the 
generality of the finding. 

In this paper the notion of computa- 
tion is only formally specified as à 
transformation of a datum. It includes 
grammatical transformations, arithmetic 
operations and, in extension, the applica- 
tion of an algorithm to a problem. No 
attempt is made here to conjecture an 
underlying process, instead the experi- 
ments aim at defining some of its 
characteristics. 

Analytic distinctions can be made to 
separate four component of the process 
of computation: identify the operator; 
identify the datum, carry out the trans- 
formation, and produce the correct 
output symbol (ie, overt response). 
Consider the conditions -— 212M, 2M 
2I, and 27 — 2M. Giving one component 
of the display in advance of the other did 
not reduce the size of the possible re- 
sponse set, hence the time saved in the 
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response must be attributed either to 
identifying that component or to a 
partition of the set of possible trans- 
formations Z(M). If the transition effect 
were a function of identifying a display 
component or of a partition, then the 
effect should have been removed or 
diminished for the component given in 
advance. Since the pattern of transition 
effects was in fact invariant over all 
groups it was a function of the trans- 
formation. Finally note that response, 
R was unchanged in a transition if both 
I and M were unchanged or if both 
changed, conversely R changed if J or 
M but not both changed. The two 
categories of transition in which R was 
invariant contained the shortest and the 
longest RTs. Thus the transition effect 
was not a function of the retrieval of an 
overt response, hence transformation and 
retrieval are distinct. 

The parameters of the transformation 
I(M) seem to have had independent 
transition effects and the effect of 
changing I was always larger than the 
effect of changing M—even when J was 
presented in advance. What is more the 
relative magnitude of these transition 
effects corresponded to the relative 
reductions in RT obtained by presenting 


I or M in advance. 

Comparing results for the conditions 
when I was fixed and when it was 
variable, three points may be noted. 
The first is that the transition effects 


be " ti. 
were opposite in the two cases. Repe 
T n RT when J was 


tion led to a reduction i j 
variable and to an increase in RT when 
it was fixed. The latter represents 
an effect analogous to the ees 
” observed in choice guessing - 
e ist). Bertelson (1961) showed 
that with self-paced responding in two- 
choice reaction under fixed mapping 
repetition was faster than alternation an 
reduced by interposing 


th effect was J » 
seh ] between trials. Since 


in all the present experiments there was 
a 10-sec. interval between trials it seems 
that the transition effect favoring ace 
tion is a joint function of jater 
interval and any factor affecting di 


culty of choice. 


a d-sec. interva 


The second point is that with fixed J, 

RT was shorter under homolateral (H) 
than under contralateral (V) mapping. 
It is well established that compatibility 
factors, including the geometric relation- 
ship between stimuli and responses, affect 
RT (Fitts & Seeger, 1953). However, 
with variable J the difference in RT 
between H and V trials disappeared 
under all conditions except 27 — 2M. 
In the latter case, in which J was given 
in advance, the RT difference between H 
and V trials was almost as large as be- 
tween Cond. 2H and 2V. Itis as though 
when J was variable S selected at each 
trial from a set of equally difficult trans- 
formations: when J was fixed or known 
in advance the null transformation could 
be considered as a special class and was 
easier to compute. Note again that 
Bertelson (1963) found a larger transi- 
tion effect for low-compatible than for 
high-compatible mapping. 

The third point is that RT with fixed 
I was always shorter than with variable 
I even when I was given in advance. 
This difference together with the ones 
already mentioned suggests that, in the 
terminology of computers, S uses a 
different type of program for response 
selection in the two cases. 

The difference in RT between Cond. 
212M and - — 212M indicates the effect 
of time uncertainty of the stimulus 
(Bertelson, 1961; Klemmer, 1956). The 
result throws no new light on a familiar 
phenomenon which suggests that the 
program for response selection, or some 
part of it, is not uniformly available in 
time and must be mobilized in each trial. 

The pattern of errors in the transition 
categories can be regarded as an attempt 
by S to maintain a fixed rate of respond- 
ing as the ease of transition changed. 
In this case it is to be expected that an 
errorless performance would show larger 


transition effects in RT. 
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SIZE CUES AND THE ADJACENCY PRINCIPLE? 


WALTER C. GOGEL? 


Civil Aeromedical Research Institute, Oklahoma Cit y, Oklahoma 


‘The adjacency principle asserts that the dominant cues in the deter- 
mination of the perceived position of an object in a configuration of 
objects are the distance cues which occur between it and adjacent, not 
displaced, objects. The purpose of the present study was to apply this 


principle to the perception of relative depth from size cues. 


For this 


purpose, a visual situation was produced in which the perceived depth 
position of a playing card would differ depending upon the relative 


effectiveness of the 
agreement with the ac 


> cue between this card and other cards. In 
"ency principle it was found that the size cue 


between adjacent cards was more effective than the size cue between 
displaced cards in the determination of perceived relative depth. 


A recent report has identified a 
factor which has been demonstrated 
to be effective in the perceptual or- 
ganization of the three-dimensional 
world (Gogel, 1963b). This factor 
labeled the “adjacency principle” 
asserts that the dominant cues in the 
determination of the perceived size or 
position of an object in a configura- 
tion of objects are the size or distance 
cues which occur between it and 
adjacent, not displaced, objects. The 
adjacency principle has been demon- 
strated mainly with respect to the 
cue of binocular disparity. The pres- 
ent study will apply the adjacency 
principle to the perceived depth 
resulting from size cues. It is pre- 
dicted from the adjacency principle 
that size cues to relative depth be- 
tween adjacent rather than displaced 
objects are the size cues most effec- 
tive in determining apparent depth 
positions. 

A convenient method of testing the 
application of the adjacency principle 
to a particular cue system involves 
modifying the perception from that 


1 The author wishes to thank Henry W. 
Mertens, Frank L. Agee, Jr., and James C. 
Hester for their assistance in collecting and 
analyzing the data of this study. 

?Now at the University of California, 
Santa Barbara. 


which would normally occur with this 
cue system. The logic of this method 
and its relation to the present study 
are illustrated in Fig. 1. 

Figure la is a top-view drawing of 
the physical positions of three objects 
(A, B, and D), all at the same distance 
from O. The dotted lines represent 
lines of sight (directions from O to 
the objects). Object A is directionally 
closer to Object B than to Object D, 
Le,» > $, The adjacency principle 
states that the apparent depth posi- 
tion of A (with respect to B and D) is 
determined mainly by whatever depth 
cues occur between A and B, not be- 
tween A and D. 

In Fig. 1, Objects A, B, and D are 
similar objects with the visual angular 
size of A equal to that of D and with 
both A and D half the visual angular 
size of B. Therefore, according to the 
relative-size cue, À and D should 
appear at the same distance as each 
other with both appearing more 
distant than B. Thus, if all distance 
cues other than relative size were 
absent, the apparent depth positions 
of A, B, and D would be A’, B’, and 
D’ as shown in Fig. 1b. Under the 
circumstances indicated by Fig. 1b, it 
cannot be determined whether the 
equality of visual angular size be- 
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Schematic top-view drawing illustrating a method of testing the application 


of the “adjacency principle” to size cues to relative depth. 


tween A and D or the angular size 
difference between A and B was more 
significant in determining the ap- 
parent depth position of A. There- 
fore, the adjacency principle cannot 
be investigated by using the condi- 
tions illustrated by Fig. 1b. 

In Fig. 1c, an additional object 
(Object C) has been added which, as 
a consequence of introducing the cue 
of interposition, causes B to appear 
more distant than D in spite of the 
difference in visual angle between B 
and D. Under these conditions, the 
adjacency principle can be investi- 
gated by measuring the apparent 
distance position of A. If A appears 


T a E [ard 


Fic. 2. Schematic front-view drawing 
i ti the positions of the normal-sized 
ed em arde (A and D), the double-sized 
pl ine card (B), and the gray square (C) 
fe ife condition in which all three cards were 
E et (Fig. 1a) or in which one card was 
pre . 


absent (Fig. 1b or Fig. 1c). 


ID B 


at A', in Fig. 1c, the size cue to 
relative depth between A and B is 
dominant in determining the apparent 
distance position of A. However, if 
A appears at A’; in Fig. 1c, the size 
cue to relative depth between A and D 
is dominant in determining the ap- 
parent distance position of A. From 
the adjacency principle, it would be 
predicted that the apparent position 
of A would be more nearly A^; than 
As, 


METHOD 
Apparatus 


Objects A, B, and D in Fig. 1 were similar 
objects, i.e., objects which differed only in 
retinal size, in order to produce the size cue to 
relative depth. In the present study, the size 
cue was produced by using playing cards for 
Objects A, B, and D. To determine whether 
Playing Card A appeared at A^ or A’: 
(Fig. 1c) it was necessary to measure the 
apparent depth position of Card A with 
respect to the other playing cards. Also, the 
effect of each of the other playing cards upon 
the apparent position of Card A was further 
investigated by determining the change 1n 
the apparent position of A when each of the 
other cards was present and absent. To 
accomplish this, the three displays shown 1n 
Fig. 2 were each presented one at a time to 
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each O. The displays were produced by two 
light boxes with each box containing fluores- 
cent lights with a diffusing glass as a front 
surface. Positive transparencies of a normal- 
sized (5.7 X 8.9 cm.) seven of spades playing 
card (used in producing Cards A and D) 
or a double-sized (11.4 X 17.8 cm.) seven 
of spades playing card (used in producing 
Card B) were fastened to the front surfaces 
of the light boxes. When viewed in the other- 
wise dark environment, the positive trans- 
parencies appeared to O as seven of spades 
playing cards. Object C was formed from a 
17.8-cm. square of neutral density film and 
fastened on the front surface of the light boxes. 
Object C appeared to O to be a gray square 
partially covering Card B and partially 
covered by Card A and, therefore, apparently 
interposed in depth between Cards B and D. 
This was accomplished by cutting away 4% 
of the upper right area of Object C and 22.4% 
of the upper right area of Object B and care- 
fully fitting the objects together. All of the 
objects (A, B, C, and D) wereat the same dis- 
tance (305 cm.) from O. The portions of the 
front surfaces of the light boxes not used in 
producing the playing cards or gray square 
were completely covered by black opaque 
cardboard. A partially reflecting mirror per- 
mitted E to present either of the two light 
boxes (one at a time) so that each display 
appeared directly in front of O. The position 
and orientation of the light boxes were such 
that, regardless of which light box was turned 
on, the size, brightness, direction, and distance 
of a particular card was unchanged. The 
displays presented by means of one light box 
are illustrated in Fig. 2a and 2b. The display 
shown in Fig. 2b was produced from that of 
Fig. 2a by covering Card B. The display 
presented by means of the other light box is 
illustrated in Fig. 2c. The luminance of 
Object C and of the white portions of the 
playing cards was .5 and 3.0 footlamberts 
(ftl), respectively, as measured from the 
position of O’s eye. 

The viewing position of O was enclosed by 
black cloth and contained a head and chin 
rest. The displays were viewed monocularly 
by O through a neutral density filter located 
in an eyepiece in front of his right eye. A 
light-adaptation surface (3 ftl) located to 
the left of O's position, which could be turned 
on or off by E, further insured that no objects 
or parts of objects except A, B, C, or D were 
visible to O. 

{A device for measuring the perceived depth 
between the several playing cards was located 
at the position of O and consisted of two 


vertical metallic rods (invisible to O) which 
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O could grasp, one in each hand. The right 
rod was movable laterally, with the left rod 
fixed in position. The lateral distance be- 
tween the inner edges of the rods was ad- 
justed kinesthetically by O to be equal 
perceptually to the perceived depth between 
the designated playing cards. A centimeter 
rule attached to the apparatus, indicated to E 
the adjusted separation between the rods. 


Procedure 


The three displays (Fig. 2) were presented 
to each of 20 Os (17 men and 3 women). 
Each O had a visual acuity in his right eye 
(corrected if necessarv) of at least 20/20. 
The perceived depth between playing cards 
which O was asked to indicate by means of the 
hand adjustments (task) and the conditions 
under which each task was completed were as 
follows: 

Task 1. To indicate the perceived depth 
between A and D with B present (Fig. 2a). 

Task 2. To indicate the perceived depth 
between A and D with B absent (Fig. 2b). 

Task 3. To indicate the perceived depth 
between A and B with D absent (Fig. 2c). 

Task 4. To indicate the perceived depth 
between A and B with D present (Fig. 2a). 

Task 5. To indicate the perceived depth 
between B and D (Fig. 2a). The order in 
which these five tasks were completed was 
systematically varied between Os, with each 
perceived depth being measured three times. 

If the size cue between Cards A and B 
contributed to the perception of the depth 
position of Card A, the perceived depth 
position of Card A, as judged with respect to 
Card D, should be more distant (farther be- 
hind Card D) when Card B was present (Task 
1, Fig. 2a) rather than absent (Task 2, Fig. 
2b). Therefore, the obtained difference be- 
tween Tasks 1 and 2 is a measure of the effect 
of Card B on the perceived depth position 
of Card A. Similarly, if the size cue between 
Cards A and D contributed to the perception 
of the depth position of Card A, the perceived 
depth position of Card A, as judged with 
respect to Card B, should be more distant 
(farther behind Card B) when Card D was 
absent (Task 3, Fig. 2c) rather than present 
(Task 4, Fig. 2a). "Therefore, the obtained 
difference between Tasks 3 and 4 is a measure 
of the effect of Card. D on the perceived depth 
position of Card A. According to the ad- 
jacency principle, the perceived positio 
Card A should be more affected hy cR 
than by Card D. The purpose of Task 5 was 
to determine that the interposition cue was 
effective in modifying the perceived. depth 
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TABLE 1 
AVERAGE PERCEIVED DEPTH IN CENTIMETERS 
' BETWEEN PLAYING CARDS AS MEASURED 
BY THE HAND ADJUSTMENTS 


" Perceived | Pi Perceived 

P cence | Depth of A Depth of A 

“of B behind D | behind B 
B Present 38.2** | D Absent | 30.5** 
B Absent —0.3 |D Present | 27.0** 
Diff. 38.5** | Diff, 3.5* 


* p <.05 (t test). 
** p <.01 (t test). 


between B and D from that which normally 
would have been expected as a consequence 
of the size difference between these two cards. 

In the instructions to O a small pegboard 
with two movable pegs was used to illustrate 
the difference between frontoparallel and 
depth extents, in order to be certain that O 
understood that the distance between the 
playing cards which was to be measured by 
the hand adjustment was the depth com- 
ponent only. Following a set (three) of hand 
adjustments to indicate the perceived depth 
between a specified pair of playing cards, O 
turned and faced the light-adaptation surface 
which was turned on for approximately 10 
sec. This procedure of obtaining three 
measurements of apparent depth followed by 
a period of light adaptation was repeated until 
all five tasks had been completed. 


RESULTS 


The average results from the hand 
adjustments are shown in Table 1, 
A positive value in the left-data 
column of Table 1 indicates that, on 
the average, Card A was perceived as 
being more distant than Card D. A 
negative value indicates the converse, 
A positive value in the right-data 
column of Table 1 indicates that, on 
the average, Card A was perceived as 
being more distant than Card B. 
One potential O who failed to perceive 
Card A as behind Card B in the 
situation in which Card D was absent 
(Task 3) was not used in the experi- 
ment, A positive response on Task 3 
was considered to be essential to the 
experiment, since it indicated that O 


was responsive to the size cue to 
relative depth. The error terms used 
in the ¢ tests in the study were com- 
puted from the distribution of 20 
scores or 20 differences whose mean 
was to be tested for significant devia- 
tion from zero. The 38.5-cm. differ- 
ence in Table 1 represents the effect 
of Card B upon the perceived depth 
position of Card A and the 3.5-cm. 
difference represents the effect of 
Card D upon the perceived depth 
position of Card A. The former effect 
is greater than the latter elfect at the 
.01 level of confidence; ż (19) = 5.42. 
As expected from the adjacency prin- 
ciple, the size cue between Playing 
Cards A and B was more effective 
than the size cue between Playing 
Cards A and D in determining the 
apparent position of Playing Card A. 
The interposition cue on the aver- 
age made Card B appear to be located 
20.4 em. behind Card D with this 
value different from zero at the .01 
level of confidence; / (19) — 3.68. 


Discusston 


The results from this study indicate 
that the adjacency principle can be 
applied to the size cue to relative depth. 
The size cue between Card A and the 
adjacent Card B was dominant in 
determining the perceived depth position 
of Card A. This occurred even when O's 
task was to judge the depth between 
Card A and the displaced Card D. It is 
clear that O cannot use the size cue to 
relative depth between one object and a 
displaced object independently of size 
cues between this object and adjacent 
objects.? However, the results also. in- 
dicate that while the size cue between 
Playing Cards A and D was not very 


* This does not eliminate the possibility, 
however, that the task set of O (to judge the 
depth between A and one of the other cards) 
has a limited effect upon the relative effi- 
ciency of the several size cues in determining 
the apparent position of A (cf. Gogel, 1963a). 
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effective in determining the perceived 
position of A, it was not completely in- 
effective as shown by the statistical 
significance of the 3.5-cm. difference in 
Table 1. The present study supports the 
hypothesis that the perceived position of 
one object (Object A) in a configuration 
of objects is determined by whatever 
distance cues are present between Object 
A and other objects, with the effective- 
ness of such cues being inversely related 
to the relative separation of the objects 
from Object A. "This is a statement of 
the adjacency principle. 

In a previous study (Gogel & Harker, 
1955) it had been found that the relative 
effectiveness of size cues increased with 
an increase in their lateral separation. 
It was later found (Gogel, 1956) that 
this result was attributable to a decrease 
in the effectiveness of the "equidistance 
tendency" as a function of the increased 
lateral separation, not to an increase in 
the effectiveness of the size cue to 
relative depth. Thus, the results from 
the present study and the previous study 
are compatible. Also, it is clear that the 
results of the present study cannot be 
explained by the ‘equidistance tend- 
ency” since in the present study Card A 
appeared behind, not equidistant with, 
Card B (cf. Gogel, 1963a). 

The adjacency principle is in an experi- 
mentally formative stage. In order for 


the principle to represent a general 
phenomenon, it must apply to many cue 
systems of relative depth and to many 
apparent characteristics of objects in 
addition to that of relative depth. Fur- 
thermore, the question occurs as to 
whether adjacency should be defined in 
physical, retinal or perceptual terms 
(Gogel, 1963b). Although there is some 
evidence available concerning this ques- 
tion (Gogel, 1963a), a definitive answer 
requires further research. Finally, in 
order for the adjacency principle to be 
expressed quantitatively, the relation 
between adjacency and relative cue 
effectiveness must be measured for a 
variety of cue systems. 
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ZFFECT OF PAIRING A STIMULUS WITH PRESENTATIONS 
OF THE UCS ON THE EXTINCTION OF 
AN AVOIDANCE RESPONSE 
IN HUMANS! 


ROBERT K. BANKS 


University of Waterloo 


Experimentation was carried out to study the effect of pairing a stimulus 
(PS) with UCS presentations, on the rate of extinction of an avoidance 


response in humans. 


more rapid was the extinction. 
through the generalization-decren 
that the effect of the PS would be 
paired with presentations of the U 


The avoidance behavior of both 
animals and humans is generally ac- 
cepted to be highly resistant to ex- 
perimental extinction. While much of 
the literature supports this point of 
view (e.g., Logan, 1951; Sheffield & 
Temmer, 1950; Solomon, Kamin, & 
Wynne, 1953), results reported by 
Finch and Culler (1935) suggest that 
relatively rapid extinction can be 
achieved by a modification within 
the avoidance-conditioning paradigm, 
Finch and Culler, using a 1,000-cps 
tone as a CS and shock as a UCS, 
studied the extinction of a paw-with- 
drawal response in dogs under two 
experimental procedures. In both, 
an additional stimulus, a buzzer, was 
included in the conditioning paradigm 
and occurred simultaneously with all 
presentations of the avoidable shock. 
In one procedure this paired stimulus 
(PS) was withheld during extinction 
trials and in the other procedure the 
PS was presented during extinction 

1 This paper is based on a dissertation 
ubmitted to the School of Graduate Studies 
f the University of Toronto in partial fulfill- 
nent of the requirements for the PhD degree 
n psychology. The author is indebted to 
3len E. MacDonald, George Mandler, and 
tichard H. Walters who served as members 
f his dissertation committee. 


It was found that extinction was facilitated by 
any manipulations of the PS which produced a differ. 
acquisition and extinction situations. 


The effect of the PS was interpreted 
nent hypothesis and it was suggested 


replicable when the stimulus was not 
CS. 


ence between the 
The greater the difference the 


trials. The two procedures can be 
characterized as follows: (a) the PS 
was presented on all acquisition trials 
and withheld on all extinction trials, 
a 100%-0% treatment, and (b) the 
PS was presented on all acquisition 
and all extinction trials, a 10067-10095 
treatment. 

Finch and Culler (1935) found that 
resistance to extinction was typically 
high under their 10095-10095 treat- 
ment, but extinction occurred more 
than three times as rapidly under 
their 100%-0% treatment. Although 
the addition of the PS during condi- 
tioning (100%-0%) appears to reduce 
the resistance to extinction of avoid- 
ance behavior, the failure of Finch 
and Culler to include a control treat- 
ment in which the PS was never 
Presented (095-002) prohibits a firm 
conclusion. Their data are open to 
two interpretations; that the 100%- 
100% treatment increased resistance 
to extinction or that the 100%-0% 
treatment reduced resistance to ce 
tinction. This paper reports experi- 
ments designed to determine whether 
the addition of the PS to the avoid- 
ance paradigm facilitates extinction 
and to explore the parameters of this 
effect, 
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EXTINCTION OF HUMAN AVOIDANCE RESPONSES 


EXPERIMENT I 


In order to determine whether the 
addition of the PS to the avoidance 
paradigm facilitates extinction of 
avoidance behavior, response strength 
during extinction was compared under 
a 100%-0% and a 0%-0%, or control, 
treatment. ' 


Method 


Subjects.— Twenty undergraduates at the 
University of Toronto served as Ss. They 
were randomly divided into two groups of 


equal size. 2 

Groups.—Two groups (10095-0756 and 
095-095), differing only in PS frequency 
during acquisition trials, were employed. 

Apparatus.—The avoidance-conditioning 
situation was designed to resemble that used 
by Finch and Culler and was constructed for 
conditioning a hand-withdrawal response. A 
grid with eight bars attached alternately to 
the plus and minus terminals of an electric 
pulse generator was mounted on top of a 
hollow wooden box. The grid was hinged to 
one end of the box and a spring held the grid 
in a raised, or open, position. The weight of 
a hand was sufficient to close the grid. A 
microswitch was fastened to the rim of the 
box so that when the grid was closed the 
switch was depressed. A signal light was 
connected to the microswitch. 

The CS was the light from a 60-w. light 
bulb placed directly under the grid in the 
bottom of the box. The UCS was an electric 
shock with a potential of 125 v. dc at the grid. 
The PS, the stimulus paired with shock 
presentation, was the sound of a 5-v. door 
buzzer. Hunter interval timers regulated the 
onset and offset of the CS, UCS, and PS. 

Procedure.—The S was seated beside the 
grid and was instructed to place his hand on 
it. He was told that the experiment consisted 
of a number of trials and that at the beginning 
of each he was to rest his hand on the grid 
but that he did not have to leave his hand 
on the grid throughout the trial. He was 
then informed that at times he would receive 
an electric shock but that as soon as he 
learned how to avoid the shock he could do 
so as often as he wished. 

The duration of the CS was 1 sec. The 
CS was terminated by the onset of the UCS, 
the duration of which was also 1 sec. When 
the PS was presented, its onset and termina- 
tion coincided with those of the UCS. 
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A response was counted as a CR if S 
removed his hand from the grid before the 
electric shock was delivered. The E could 
determine whether the hand had been re- 
moved by watching the signal connected to 
the microswitch in the box. Before acquisi- 
tion trials were begun, the CS was presented 
twice while S’s hand rested on the grid. If 
S lifted his hand on either occasion, presenta- 
tions of the CS were continued until S failed 
to respond on two consecutive occasions. 

Eighty acquisition trials were administered. 
'The UCS was presented on each of these trials 
but was avoided by S if the CR occurred prior 
to the onset of the UCS. Forty extinction 
trials, in which the UCS and PS were with- 
held, were administered to each S, Five 
intertrial intervals, 2, 4, 6, 8, and 10 sec., were 
randomly assigned to acquisition and ex- 
tinction trials and were the same for all .Ss. 


Results 


During acquisition trials the 100%- 
095 group gave a mean of 3.4 non- 
avoidance responses compared to 3.1 
for the 0%-0% group, indicating that 
PS frequency had little effect on 
response strength during acquisition. 
During extinction, however, the 100€; - 
0% group gave a mean of 24.4 CRs 
(SD — 12.2) compared to 36.3 (SD 
= 10.1) for the 0%-0% group, ¢ (18) 
= 2.37, (p < .05). The results there- 
fore indicate that the addition of a 
PS to the avoidance paradigm reliably 
facilitates the extinction of an avoid- 
ance response. 


EXPERIMENT II 


In Exp. I the two groups differed 
from each other, not only in the 
frequency of PS presentations during 
acquisition, but automatically, in the 
amount of difference in PS frequency 
between the acquisition and extinction 
periods. The 100%-0% treatment 
produced a difference of 100% in PS 
frequency while the control treatment 
(0%-0%) produced no difference in 
PS frequency. This observa 


tion sug- 
gested the hypothesis, 


explored in 
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Exp. II, that the operative role of the 
PS in facilitating extinction is that of 
creating a difference in PS frequency 
between the acquisition and extinction 
situations; the greater the difference, 
the more rapid the extinction. 
Studies of the extinction of non- 
avoidance behavior lend support to 
this hypothesis. The relevant litera- 
ture indicates that extinction is 
facilitated by increasing differences 
between acquisition and extinction 
situations in a number of variables, 
e.g., amount of reinforcement (Lewis 
& Duncan, 1957), frequency of rein- 
forcement (Lewis & Duncan, 1957), 
intertrial interval (Reynolds, 1945), 
and deprivation level (Yamaguchi, 
1952). It is possible that the rate of 
extinction of avoidance behavior is 
similarly sensitive to differences be- 
tween acquisition and extinction. 
The hypothesis that the operative 
role of the PS is that of creating 
differences between acquisition. and 
extinction has an important implica- 
tion. It follows that the resistance to 
extinction of an avoidance response 
should be reduced, not only by the PS 
manipulation used in Exp. I but by 
any PS manipulations which produce 
a difference in PS frequency between 
acquisition and extinction. 
Differences between acquisition and 
extinction can be produced by a large 
number of PS manipulations. For 
example, a difference of 100% can be 
produced by a 100%-0%% treatment, 
as in the first experiment, or by a 
0%-100°¢ treatment. A difference of 
0% can be produced by a 0%-0% 
treatment as before, or by a 167-16; 
treatment, a 2¢ 072% treatment, etc., 
up toa 100% -100° c treatment. The 
same is true for intermediate amounts 
of difference. [or example, a differ- 
ence of 50% can hé pera by 4 
506, -0%¢ treatment, a 5154-1952, treat 
ment, a 520¢-2 treatment, etc., up 
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to a 100%-50% treatment or by < 
064-509% treatment, a 19%-51% treat- 
ment, etc., up toa50%-100% treatment. 
An examination of the alternate treat- 
ments by which any given amount of 
difference can be produced shows that 
they differ from each other, along one 
or both of two dimensions. The first 
is the overall frequency of PS pres- 
entations (e.g., 0%-0°% vs. 100%- 
100°) and the second is the direction 
of change in frequency from acquisi- 
tion to extinction (e.g., 100%-0% vs. 
0^,-100€7). If, as hypothesized, the 
PS has its effect by producing differ- 
ences in PS frequency between ac- 
quisition and extinction it follows that 
resistance to extinction should de- 
crease as the amount of difference 
increases when the difference is pro- 
duced by (a) presenting the PS with 
its maximum as well as its minimum 
overall frequency, and by (b) in- 
creasing as well as decreasing PS 
frequency from acquisition to ex- 
tinction. Experiment II was carried 
out to test these predictions. 


Method 


Subjects.—One hundred 
undergraduates at the University of Toronto 
served as Ss. They were randomly assigned 
to 12 groups of equal size. 

Groups.—The effect of the PS under 
maximum and minimum overall PS fre- 
quencies was examined at the 0%, 50%, and 
75% levels of difference in PS frequency. At 
the 0% level the maximum frequency was 
represented by a 100%-100% treatment and 
the minimum by a 0%-0% treatment. At 
the 50% level the maximum frequency was 
represented by a 100%-50% and a 50%-100% 
treatment and the minimum by a 50%-0%, 
anda 0%-50% treatment. At the 75% level 
the maximum Was represented by a 100%- 
25%, and a 25%-100% treatment and the 
minimum by a 75%-0%, and a 0%-75% 
treatment. "The 100% level of difference was 
omitted because such a difference can only 
be produced by a 100% -0% or a 0%-100% 
treatment, both of which require the same 
overall frequency of PS presentation. 


and forty-four 


* 
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The effect of the PS under increases and 
decreases in PS frequency from acquisition 
to extinction was examined at the 100%, 75%, 
and 50% levels of difference in PS frequency. 
At the 100% level increases were represented 
by a 0%-100% treatment and decreases by 
a 10095-0095 treatment. At the 75% level 
increases were represented by the 096-7556 
and 25925-10095 treatments and decreases by 
the 100%-25% and 75%-0% treatments. 
At the 50% level increases were represented 
by the 095-5096 and 50%-1007% treatments 
and decreases by the 5095-076 and 10095-5095 
treatments. The 0% level was omitted be- 
cause it involves neither an increase nor a 
decrease in PS frequency from acquisition to 
extinction. The 25% level was omitted 
throughout the experiment because it was 
felt that testing at the 100%, 75%, 50%, and 
0% levels of difference represented a suffi- 
ciently broad sample of the range of differ- 
ences in PS frequency. 

Apparatus and procedure.—The apparatus 
was identical to that used in Exp. I. The 
procedure differed in that 60 acquisition and 
60 extinction trials were administered to all 
Ss. This was done so that the various PS 
manipulations at each level of difference 
produced equal absolute as well as equal 
percentage differences in PS frequency. 
When the PS was presented on less than 
100% of the acquisition or extinction trials it 
was presented on a different random schedule 
for each S. When presented during extinc- 
tion, the PS filled the interval in which the 
UCS would have occurred. 


Results 


Gradients of response strength dur- 
ing extinction under both maximum 
and minimum frequencies of PS 
presentation and under both increases 
and decreases in PS frequency from 
acquisition to extinction are presented 
in Fig. 1. Under both maximum and 
minimum PS frequencies and under 
both increases and decreases in PS 
frequency from acquisition to extinc- 
tion, resistance to extinction con- 
sistently varied as an inverse function 
of the amount of difference in PS 
frequency. Inspection of Fig. 1 also 
shows a pronounced tendency for 
frequency decreases to have a stronger 
effect than frequency increases and a 
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extinction trials as a function of amount of 
difference in PS frequency under maximum 
and minimum PS frequencies and under in- 
creases and decreases in PS frequency. 


slight tendency for minimum overall 
frequencies to have a stronger effect 
than maximum frequencies. 

A two-way variance analysis of the 
number of CRs given under maximum 
and minimum frequencies at the 0%, 
50%, and 75% levels of difference 
yielded an F (2, 114) = 3.76, p < .05 
for the effect of the amount of 
difference in PS frequency, and failed 
to indicate a significant difference 
between the effects of maximum and 
minimum PS frequencies (p > .20). 
A similar analysis of the number of 
CRs given under increases and de- 
creases in PS frequency at the 100°; 
15%, and 50°% levels of difference 
yielded an F (2, 114) = 6.33, p < .005 
for the effect of the amount of differ- 
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ence and an F (1, 114) = 7.71, p «c 01 
for the effect of the direction of change 
in PS frequency. The interaction 
effects failed to approach significance 
in both analyses. 

In summary, the results indicate a 
reliable and consistent relationship 
between resistance to extinction and 
the amount of difference in PS fre- 
quency from acquisition to extinction. 
The results also show that the effect 
of the amount of difference in PS 
frequency is greater under decreases in 


PS frequency than under equal 
amounts of increase. 
DISCUSSION 


The data show that the typically high 
resistance to extinction of an avoidance 
response can be reduced in a marked and 
orderly fashion by varying PS frequency 
from acquisition to extinction. Probably 
the simplest interpretation of the effect 
of the PS is through the discrimination 
hypothesis (Mowrer & Jones, 1945) 
which holds that extinction is facilitated 
by any circumstance (e.g., differences in 
PS frequency) which makes it easy for 
S to perceive differences between the 
acquisition and extinction periods. A 
more complex but perhaps more fruitful 
interpretation of the PS can be attempted 
through the generalization-decrement 
hypothesis employed by Sheffield (1949) 
to account for the partial-reinforcement 
effect, From this point of view the effect 
of the PS would be attributed to traces 
of PS presentations persisting through 
time and forming part of the CS on 
subsequent trials. Increasing the differ- 
ence in PS frequency from acquisition to 
extinction would thus decrease the degree 
to which the CS situation, typical of 
acquisition, was represented during ex- 
tinction and so would produce more rapid 
extinction. Following this interpreta- 
tion, the higher resistance to extinction 
under frequency increases than under 
decreases can be seen as an instance of 
response strength varying as a function 
of the magnitude of the CS situation. 


This is a phenomenon well documented 
in the literature (e.g., Grice & Saltz, 
1950; Hovland, 1937; Spiker, 1956) 
and usually interpreted in terms of 
Hull’s (1949) stimulus-intensity-dynam- 
ism postulate. 

The apparent applicability of the 
generalization-decrement interpretation 
of the effect of the PS is of interest in 
light of the implicit assumption through- 
out the experiments that the pairing of 
the PS and the UCS was crucial to the 
experimental effect. If the PS (a buzzer) 
had its effect through its traces forming 
part of the CS situation of the following 
trial, as assumed by the generalization- 
decrement interpretation, the fact that 
the buzzer had been paired with the UCS 
was merely incidental, not crucial, to the 
effect. Any other positioning at the 
end of the trial would have sufficed. 
Moreover, because the intertrial interval 
varied between 2 and 10 sec., pairing the 
buzzer with the UCS resulted in the 
buzzer’s preceding the onset of the next 
trial by a variable interval. As condi- 
tioning is better under a constant than 
under a variable interval, it can be sug- 
gested that pairing the buzzer with the 
UCS actually interfered with the po- 
tential experimental effect, A more 
powerful effect would be expected if the 
buzzer were presented so that it always 
preceded the next trial by a constant 
interval. 
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UNAVAILABILITY AND ASSOCIATIVIZ 
LOSS IN RI AND PI! 


JOHN CERASO axp ANN HENDERSON 


Yeshiva University 


An experiment was reported in which 1st-list recall, 2nd-list recall, and 
single-list recall were measured shortly after learning, and after 24 hr. 
3 measures of retention were employed: the aided-recall measure; a 
measure of item availability; a measure of associative pairing. The 
most striking result was that while Ist-list recall remained stable over 
24 hr. as measured by aided recall, the availability measure showed 
increased recall, and the associative measure showed decreased. recall. 


It was 


argued that this finding indicates 
recall are 2 independent processes. 
list over time seemed to be due to both item loss anc 


that item recall and associative 
The diminishing recall for the 2nd 
ciative loss. 


Recall at 24 hr. showed no difference between original list (OL) and 
interpolated list (IL) on any of the measures employed. 


The notion that verbal learning in- 
volves two logically distinct aspects, 
item learning and associative learning, 
has recently been gaining wide accept- 
ance (Rock & Ceraso, 1964; Under- 
wood & Schulz, 1960). There have 
also been some attempts to extend 
this notion to problems of retention. 
For example, Rock and Ceraso argue 
that the widely used retention meas- 
ure of aided recall may be affected by 
either item loss or associative loss, and 
that adequate theories of forgetting 
may be impossible without recogniz- 
ing that these two types of for- 
getting can occur. 

It is the purpose of this study to 
measure the associative and item loss 
occurring in retroactive inhibition 
(RI) and proactive inhibition (PI) 
and to chart any temporal changes 
occurring for these two factors. 


METHOD 


Procedure —The experiments employed 
the method of modified free recall (MMFR) 
technique (Barnes & Underwood, 1959) to 
measure both RI and PI simultaneously. 


Four groups of Ss were employed: two ex- 


Thi « was d by a grant to 
1 This work was supported bj n 
the senior author from the National Science 


Foundation (GB-1 604). 


perimental groups, both of which learned two 
successive lists of the A-B, A-C paradigm, and 
two control groups, both of which learned 
only one list. 

One experimental group was tested for 
recall 2 min. following interpolated learning, 
the other group was tested 24 hr. after the 
learning session. One control group was 
tested 2 min. after original list (OL), the 
other 24 hr. after learning. The 2-min. recall 
group will be called the immediate (Imm.) 
group. 

The Ss learned the lists in a memory drum 
using standard paired-associate techniques. 
Items were presented at a 2:2-sec. rate with 
a 4-sec. intertrial interval. Lists were learned 
to one perfect recitation. For the experi- 
mental Ss a 2-min. interval was employed 
between the end of OL and the beginning of 
interpolated list (IL) learning. For the ex- 
perimental group the recall test consisted of 
presenting each stimulus and asking S for 
both responses to the stimulus. The S was 
given up to 15 sec. to recall. After all 10 
stimuli had been presented, S was asked to 
give any responses he might remember from 
the first or second list even if he did not recall 
the stimulus to which they had been learned. 
This test (free recall) was aimed at eliciting 
any “free-floating” responses which were 
available, but not paired with a stimulus. 
Finally, S was presented with the words he 
had recalled and was asked to indicate the list 
(1 or 2) in which they had been learned. 
When .S originally recalled the words, à 
number from 1 to 20 was assigned to each 
word. When he was asked to assign the 
words to lists, the numbers were randomized 
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and the words read in the randomized order. 

Material.—The lists to be learned consisted 
of 10 pairs of nonsense syllables as stimuli 
coupled with four or five letter, one-syllable 
nouns as responses. The stimuli were taken 
from the Archer (1960) list and were 50 in 
association level. The nouns were A-level 
frequency nouns as given in the Thorndike- 
Lorge (1944) general count. Two separate 
lists (A and B) were constructed, having the 
stimulus items in common, but differing as 
to response items. The responses from A and 
B were equal in Thorndike-Lorge frequency 
of occurrence. Half the Ss in each experi- 
mental group had A as a first list and B asa 
second list; the remaining half had the 
reverse. Half the control Ss learned only A, 
half only B. 

Subjects.—The Ss were 64 students re- 
cruited at Pratt Institute, 16 .Ss in each 
group. The Ss were randomly assigned to 
the four groups. If an S did not reach 
criterion on the first list within 20 trials, he 
was dismissed from the experiment. Roughly 
one third of the Ss were lost because of failure 
to reach criterion. 


RESULTS 


Table 1 presents the mean learning 
trials for the four groups. An F test 
revealed no significant learning differ- 
ences between the groups. The major 
results of the experiment are presented 
in Table 2. This table presents a 
complete analysis of the “fate” of OL, 
IL, and control list (CL) responses. 
The categories employed were: (Cate- 
gory 1) total number of responses 
given to the appropriate stimulus and 
either (a) correctly or (b) incorrectly 
assigned to list; (Category 2) total 
number of responses given to an in- 
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TABLE 1 
MEAN TRIALS TO LEARN THE First List 


Group Mean Trials 
Exp. Imm. 11.88 
24 hr. 12.13 
Control Imm. 13.38 
24 hr. 13.50 


appropriate stimulus and either (a) 
correctly or (5) incorrectly assigned to 
list; (Category 3) total number of. 
responses given in the free-recall test; 
(Category 4) total number of re- 
sponses never appearing in recall. A 
response was placed in Category 3 
only if it had not been given in 
Category 1 or 2. A response was 
placed in Category 2 only if it had not 
appeared in Category 1. As can be 
seen from Table 2 the number of re- 
sponses accounted for by this scheme 
exhausts all responses. 

Category 1a in Table 2 represents 
the requirements imposed upon recall 
in an aided-recall test. The S must 
be able to produce the response, he 
must produce it to the appropriate 
stimulus, and he must know the list 
membership of the response, since E 
usually asks him to produce the re- 
sponse from a given list. "Therefore, 
the number of responses in 1a will be 
taken as the measure of aided recall. 
Two analyses of variance were per- 
formed on this measure, one compar- 
ing OL with CL, the other comparing 


TABLE 2 
"FATE" OF ORIGINAL-LIst, INTERPOLATED-LIST, AND CONTROL-LIsT RESPONSES 


s +Stimulus —Stimulus Category 3 Category 4 
i 

1 D " P 

DNE NN EN e ioci 
OL Imm. 94 3 0 1 8 54 
24 hr. 95 11 7 3 6 33 
IL Imm, 149 2 0 4 4 
24 hr. 111 9 1 3 7 29 
CL Imm. 155 2 0 3 
24 hr. 151 1 1 7 
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ACQUISITION-TRANSFER AND RETENTION OF SR, 
S-R, ASSOCIATIONS AS A FUNCTION 
OF S-R,, S-Re PATTERN ! 


RICHARD POPP axp JAMES F. VOSS 


University of Pittsburgh 


6 S-Rı, S-Rz modified paired associates, each with P(R;) = P(R;) = .5, 
were presented for 40 trials under 5 response-pattern (RP) conditions: 


random, and alternation on each block of 1, 5, 10, or 20 trials. 
and recognition tests of "unlearning" were given. 


Recall 
The results in- 


dicated: (a) anticipations of either R; or Ra did not vary significantly 
with RP; (b) correct responses increased as RP varied from the random 
to 20-trial conditions; (c) successive R;-Re shifts diminished transfer 
effects; (d) transfer varied from negative to positive as a function of 
number of R; trials before the 1st shift to Re; (c) '*unlearning" decreased 
from the 20-trial to the single-alternation conditions for the recall 


measure. 


Voss, Thompson, and Keegan 
(1959) employed a modified S-R;, 
S-R, paired-associate procedure in 
which the probability ratio of the ran- 
domly ordered responses was varied 
from .5-.5 to 1.0-0.0. It may be noted 
that the .5-.5 ratio of this design may 
be considered as an A-B, A-C transfer 
situation with random B and C 
occurrence. Similarly, the A-B, A-C 
transfer design in which A-B and A-C 
presentations are equal may be con- 
sidered as a probabilistic situation 
with a .5-.5 response probability ratio 
and successive B and C occurrence. 
Thus, the major difference of the 
response probability and the transfer 
designs is response pattern. 

The present experiment was de- 
signed to provide more information 
regarding the role of response pattern 
in S-Ri, S-Rs acquisition-transfer 
performance. The „use of five re- 
sponse-pattern conditions and modi- 
fied free-recall and recognition tests 
provided for the study of response 
pattern upon acquisition, specific A-B, 


experiment b manens by the 
i stitute of ental Health (M- 
t Child Health and Human Develop- 


ment (HD 00957-01). 


1 This 


“Unlearning” was not found with the recognition measure. 


A-C transfer effects, and “‘unlearning”’ 
(Barnes & Underwood, 1959). 


METHOD 


Procedure.—A list of six S-R;, S-R» paired 
associates was presented by the anticipation 
method (S, S-Ri or S, S-R;) for 40 trials in 
each of five experimental conditions. The 
P(S-R,) = P(S-R;) = .5, ie, Ry and Re 
each occurred for 20 trials. The independent 
variable consisted of five R,-Rs response- 
pattern conditions (RP). (R, denotes the 
first response and Rs denotes the second 
response presented with a particular stimulus.) 
Condition R: random presentation of Ri and 
Re. The random order of R; and Rs was 
different for each of the six associations. The 
mean number of trials on which alternations 
occurred was 19.3 and the average trial-run 
length for Ry and Re combined was 1.9 trials. 
Condition 1: single alternation in which Ri 
and Rz alternated on each trial. Condition 5: 
Rı was presented on Trials 1-5, Rz on Trials 
6-10, Ri on Trials 11-15 . . . Rz on Trials 
36-40. Condition 10: Rı on Trials 1-10, 
Rə on Trials 11-20, Rı on Trials 21-30, and 
Re on Trials 31-40. Condition 20: Ri on 
Trials 1-20, and Rs on Trials 21-40. 

The modified paired associates were 
presented in a different random order on each 
trial at a 2:2-sec. rate with a 2-sec. intertrial 
interval. The instructions were those of Voss, 
Thompson, and Keegan (1959). : 

Following completion of the 40 trials, Ss 
immediately were given the recall test. Each 
S was presented one of the stimulus items on 
a5 X7 in. card and asked to recall the Jast 
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TABLE 1 


MEAN Anticrpations, CORRECT RESPONSES, Rı Correct RESPONSES, AND Rs 
Correct RESPONSES FOR THE RESPONSE-PATTERN CONDITIONS 


7 
RP Cond. Ri + Re Antic. Correct Responses | Correct Ri Responses | Correct R: Responses 
R 129.8 62.4 | 35.2 27.3 
1 126.2 77.0 | 43.3 33.7 
5 111.8 99.4 53.0 46.4 
10 147.3 140.6 71.6 69.0 
20 152.8 152.5 73.1 79.4 


response item that had been presented with 
that stimulus item. Following a response or 
the period of 10 sec., S was asked to recall the 
other response item that had been presented 
with that stimulus. The remaining five 
stimuli were presented in the same manner. 
In no case was S given any information by E 
regarding correct responses. The order of 
presentation of the six stimuli was varied by 
use of a randomly permuted 6 X 6 Latin 
square with order of presentation orthogonal 
to experimental condition. 

Following completion of the recall task, 
each S immediately was presented with a 
sheet which provided instructions to match 
the 12 responses presented on the right side 
with the six stimuli on the left side of the 
sheet. Both stimuli and responses were 
listed on the sheet in random order. After E 
read the instructions and S followed by 
referring to his sheet, S wrote the numbers 
denoting the response items in two boxes 
provided with each stimulus item. There was 
a 1-min. time limit. 

Subjects—The Ss were volunteers from 
the introductory psychology class at the 
University of Pittsburgh. The N was 60 
with an NV = 12 for each experimental condi- 
tion. The Ss were assigned to the experi- 
mental conditions on the basis of a table of 
random numbers. 

Verbal materials.—The verbal material 
consisted of low-frequency words employed 
by Horton and Kjeldergaard (1961). The 
specific S-Ri, S-Re pairings were those em- 
ployed previously by Morning and Voss 

64). 
a^ words employed as Ri and Re were 
counterbalanced in each RP condition so that 


2In Cond. 1, 5, 10, and 20, the “last” 
always Rs and “other” response 
However, in Cond. R, the 
Trial 40 response was R, for two of the six 
associations. Hence, for recall and recogni- 
tion, the Trial 40 response is termed last’ 
response and the second response is termed 
“other’’ response. 


response was 
was always Ri. 


one half of the Ss in each condition received, 
e.g., CAIRN as R, to the stimulus MERLE and 
WINCH as Rs; for the other one half of the Ss, 
WINCH was R; and CAIRN was Rs. 


RESULTS 


Ri + Rə anticipations—The first 
column of Table 1 presents the mean 
Rı + Re anticipation frequency as a 
function of RP. It should be noted 
that this measure involves an R, or 
an R: anticipation for a particular 
S-R,, S-R» association, regardless of 
whether R; or Rs occurred on that 
specific trial. An analysis of variance 
of the Ri + Rs anticipation data re- 
vealed that the RP source of variation 
is not significant, F (4,55) = 2.04, 
p.05. 

Ri + Re correct responses.—Table 1 
also presents mean correct responses 
as a function of RP. An analysis of 
variance performed upon the correct- 
response data revealed that the RP 
source of variation is significant, 
F (4,55) = 1601, p «.01. Thus, 
correct responses increased as RP 
varied over Cond. R, 1, 5, 10, and 20. 

Trial data.—Figure 1 presents the 
mean R, + Re correct responses as a 
function of trial for the RP conditions. 
In Cond. 5, 10, and 20, the shifts in 
correct responses are readily apparent 
with the shift in R,-R» presentation. 
Condition 1 yielded a saw-toothed 
effect in early trials with correct 
responses greater for R,. It should 
be noted that the inspection of the 
data of Cond. 1 also indicates that 
not one S "caught on" to the single 
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IL with CL. These analyses were 
followed by comparison of the means 
using the Newman-Keuls technique 
described in Winer (1962). The 
results of these analyses were: Recall 
for OL was significantly poorer than 
recall for CL (p « .01), for both Imm. 
and 24-hr. tests. There were no 
significant OL or CL changes over 
24 hr. Recall for IL was not sig- 
nificantly different from CL immedi- 
ately, but was different after 24 hr. 
(p < .01). The IL Imm. vs. IL 24-hr. 
recall difference was also significant 
(p « .01). 

Recall for OL and IL were directly 
compared using £ tests for related 
samples (since the same Ss are tested 
for both lists). The results of these 
analyses were a significant OL-IL 
difference (p < 05) when recall is 
tested immediately, but no significant 
difference at the 24-hr. recall. 

The results of these analyses of the 
aided-recall measure are quite con- 
sistent with those typically reported 
(Slamecka & Ceraso, 1960) which 
show a relatively stable level of recall 
for the first list coupled with a de- 
creasing level of recall for the second 
list. That PI may increase over time 
to a point where it is equal to RI 
is also found in the literature (e.g., 
Koppenaal, 1963). 

The next analysis of the data con- 
cerned the number of response items 
available, irrespective of whether 
these responses were correctly paired 
or not. The total number of items 
available is obtained from Table 2 by 


TABLE 3 


MEAN PERCENTAGE OF CORRECT ASSOCIATION 
FOR AVAILABLE RESPONSES 


List Imm. Test 24-Hr. Test 
89.50 77.19 

TA 95.38 85.56 

CL 98.75 98.38 


summarizing all categories except the 
Not Given category (or by subtracting 
the Not Given category from 160). 
Again, two analyses of variance were 
performed, each followed by multiple 
comparisons of the means. The re- 
sult of the OL vs. CL analysis was: 
a significant rise in OL response avail- 
able over time, and significant differ- 
ences between OL and CL available 
responses at both the Imm. and 24-hr. 
tests. The differences are all signifi- 
cant at p< .01. There was no 
difference in the availability of CL 
responses over time. The result of 
the IL vs. CL analysis was: a signifi- 
cant decrease in IL responses available 
over time, and a significant difference 
between IL and CL responses only 
at the 24-hr. recall, these differences 
being significant at p < .01. The 
number of available responses for OL 
and IL were directly compared. The 
results of these analyses were a 
significant OL-IL difference (p « .01) 
only for the Imm. test. 

The results of these analyses of the 
availability measure show striking 
differences in the temporal changes 
occurring for OL vs. IL lists; The OL 
list shows increasing availability over 
time, the IL list shows decreasing 
availability. 

The aided-recall measure previously 
analyzed was used as the basis for 
analyzing S's ability to produce the 
correct associate (to both stimulus 
and list) under the various conditions. 
However, since the number of re- 
sponses correctly associated could be 
a function of the number of responses 
available, a somewhat different meas- 
ure of association was employed. For 
each S the number of items correctly 
associated (Category 1a) was ex- 
Pressed as a percentage of the total 
number of items available. The mean 
of these percentages for the various 
conditions are presented in Table 3. 
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The analyses of variance for the 
association measure revealed the fol- 
lowing: The OL differed significantly 
from the CL at both the Imm. 
(p < .05) and the 24-hr. (p < .01) 
recall test. There was no significant 
change over time in ability to associate 
for the CL. The IL did not differ 
significantly from the CL immediately 
but did differ at 24 hr. (p < .01). 
The IL showed a significant decrease 
in the associative measure over 24 hr. 
(p « .01). The direct comparison of 
OL and IL showed no significant dif- 


. ferences at either the Imm. or 24-hr. 


test. 
By this measure of association both 


OL and IL suffer associative loss over 
time as compared to CL. 


DISCUSSION 


The three measures of recall used in the 
present experiment each give a different 
impression of the temporal course of 
first-list retention. While the aided- 
recall measure shows virtually no change 
over 24 hr., the availability measure 
shows increased recall, the association 
measure shows decreased recall. It is 
tempting to ascribe the “no change” in 
the aided-recall measure to the joint 
action of two opposed processes: an 
increase in the number of first-list items 
available over time, coupled with a grow- 
ing difficulty in the correct assignment 
of these items to stimulus or to list. 

The data are, however, subject to 
another interpretation. It could be that 
IL learning disrupts both the availability 
and associative properties of some OL 
items and that over time these items 
become more available, but do not 
recover their associative properties. This 
sequence of events would also give rise 
to an increased availability score and a 
decreased associative score as they have 
been used in the present analysis. The 
implication of this second interpretation 


-would be that there is no growing 


associative loss for the OL over time, 
"t only an increase in the number of 


items available whose associative prop- 
erties were already lost during IL. 

Either of these interpretations, how- 
ever, assumes that over time the availa- 
bility of an item can change in a way 
different from the change occurring for 
the associative properties of that item. 
Thus, the findings give support to the 
notion that associative loss and item loss 
are to some extent independent processes. 

Recall for the second list over the 
24-hr. interval declines for each of the 
measures used. The simplest explana- 
tion for these results is that PI is 
characterized by both associative loss as 
well as loss of availability over time. 

It is interesting to note that at 24 hr., 
recall of the OL and the IL does not 
differ for any of the three measures em- 
ployed. This suggests that the processes 
responsible for differences between RI 
and PI up to this point are transitory, 
and that after a reasonable period of time 
OL exerts the same kind and degree of 
interference on IL as IL does on OL. 
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40 


TRIALS 


Fic. 1. Mean R; + R: 


correct responses as a function of trial 


with response pattern (RP) as parameter. 


alternation pattern of each associa- 
tion. An analysis of variance was not 
performed on these data because the 
difference of RP conditions over 
trials was obvious. Although not 
presented, the Ri + R» anticipation 
data yielded similar effects. 

Ri-Ro data.—The mean correct R, 
and Rs» responses for each RP condi- 
tion are presented in Table 1. An 
analysis of variance revealed a greater 
frequency of R; than Re correct 
responses, F (1,55) = 7.97, p < .01. 
In addition, a significant R; vs. Re 
X RP interaction, F (4, 55) = 3.88, 
p < .01, indicates that the difference 
of Rı and Re correct responses de- 
creased over Cond. 1, 5, and 10 with 
more correct R» than R, responses in 
Cond. 20. Identical analyses per- 


TABLE 2 


PERCENTAGE OF TRANSFER AS A FUNCTION 
or RP For THE 5-TRIAL, 10-TRIAL, 
AND 20-TRIAL DATA 


P Cond. | 5 Trial 10 Trial | 20 Trial 
R A 

-128 | =127 

R Ei —34.3 —12:6 

l —159 | —139 —6.6 

$ ET —64 ES 

20 417 E +42 


ee ul. E 


formed on the R; and Re correct- 
response data after five presentations 
of Ri and Ry (3-trial data) and after 
10 presentations of Ri and R: (10- 
trial data) revealed that the same 
significant sources of variation and 
systematic R; vs. Ro changes over RP 
occurred regardless of stage of learn- 
ing. Analyses of the anticipation 
data identical to those performed 
upon the Correct-response data re- 
vealed that the same significant effects 


occurred for the anticipation data. 


Transfer —The following measure 


of the transfer effect of Ri upon Re 
was employed: [(No. Correct Re 
sponses — No. Correct R, Re- 
sponses) + (No. Correct Re Responses 
+ No. Correct R; Responses) ] X 100. 
Table 2 presents this measure for the 
5-trial, 10-trial, and 20-trial data of 
the RP conditions, The following 
results may be noted: (a) negative 
transfer decreases over Cond. 1, 5, and 
10; (b) in Cond. 20, transfer is positive; 
(c) transfer effects tend to decrease 
as a function of stage of training. — 
The 5-trial data of Cond. 5, 10+trial 
data of Cond. 10, and 20-trial data of 
Cond. 20 provide a measure of transfer 
as a function of stage of training after 


i omm cm o 
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TABLE 3 


PERCENTAGE OF RESPONSES RECALLED CORRECTLY, PERCENTAGE OF “LAST” AND "OTHER" 
Responses RECALLED CORRECTLY, PERCENTAGE OF RESPONSES RECOGNIZED 
CORRECTLY, AND PERCENTAGE OF “LAST” AND “OTHER” RESPONSES 
RECOGNIZED CORRECTLY AS A FUNCTION OF RP CONDITION 


Percentage 
Exp. Cond. "Last" “Other” , “Last” “Other” 

Recalled Iled Recalled Recognized a 5 

Correctly AOT Correctly Correctly Toara poconud 
R 40.3 44.4 36.1 84.0 79.2 88.9 
1 33.3 31.9 34.7 85.4 87.5 83.3 
8 72.2 71.8 66.7 85.4 87.5 83.3. 
10 81.3 93.1 69.4 92.4 94.4 90.3 
20 53.5 86.1 20.8 88.2 91.7 84.7 


only one R;-R» shift. The respective 
—15.9%, —6.4%, and 4.2% findings 
indicate that as stage of training 
increases, the first shift of Rı to Re 
produces decreasing negative to posi- 
tive transfer. lt should be noted that 
the extremely large correct-response 
occurrence of R; compared to Rə in 
Cond. 1 is in agreement with these 
data. 

Another way of viewing transfer 
within the present design is to deter- 
mine the effect of successive shifts 
upon transfer within a particular RP 
condition. Using the same transfer 
measure, the percentage of transfer 
generally decreased as a function of 
successive Rj-R» shifts for Cond. 1, 5, 
10, and 20. For Cond. 10, percentage 
of transfer of the two successive R;-R, 
shifts was —5.7 and 0.9. For Cond. 5, 
percentage of transfer was —15.9, 
—12.7, —7.8, and —1.9 for the suc- 
cessive RoR: shifts. For Cond. 1, 
percentage of transfer changed from a 
maximum of —57.9 to 7.9. 

Recall and recognition.—lable 3 
presents percentage of responses 
rectly recalled a eda us] jd E 

orrectly recog: = 
Fa wisi P. er The table also 
presents the percentage ow Lm 
called and recognized of the T 
response presented (Trial 40) and the 


percentage correctly recalled and rec- 
ognized of the "other" response. 

An analysis of variance performed 

upon the recall frequency data re- 
vealed a significant RP source of 
variation, F (4, 55) = 10.29, p < .01, 
significantly more "last" responses 
recalled than "other" responses re- 
called correctly, F (1,55) = 65.75, 
P < .01, and a significant interaction 
of the two main effects, F (4, 55) 
= 20.89, p «.01. The significant 
interaction is attributable to Cond. 20 
performance, in which there were con- 
siderably more “last” than “other” 
responses recalled. This finding sup- 
ports the "'unlearning" results of 
Barnes and Underwood (1959). In 
addition, Cond. 5 and 10 also yielded 
more "last" than “other” responses 
recalled, although the difference was 
less than that of Cond. 20. 

An analysis of variance performed 
upon the recognition-frequency data 
revealed that the RP, "last" vs, 
"other" response, and interaction 
sources of variation do not approach 
significance. 


DiscussioN 


The results of the present experiment 
are considered in terms of probability 
learning, transfer, and the relation of 
these two areas. 
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The present experiment, within a 
probability-learning framework, is a two- 
event situation with P(E;) = P(E) 
= S. The independent variable was 
pattern of E,-E events with conditional 
E,-E: probability ranging from P (repeti- 
tion) — 0.0 in Cond. 1 to approximately 
-98 in Cond. 20. Since event and condi- 
tional-probability effects have been found 
previously in probability-learning experi- 
ments (e.g., Anderson, 1960; Zimmerman 
& Voss, 1962) the present study provided 
for extension of the range of conditional 
probability and patterns considered. 

The results indicate that event-pattern 
variation had no significant effect on 
frequency of total anticipations of the 
two events. However, event pattern 
yielded a significant effect upon the 
relative Ryj-R anticipations. In par- 
ticular, a primacy effect occurred, with 
the first presented response (Rj) yielding 
more anticipations than 


presented response (R;) over Cond. R, 1, 
5, and 10. 


frequency. Thus, with the .5-.5 response 
probability ratio of the present experi- 
ment, event-pattern variation yielded a 
Significant effect upon the relative fre. 
quency of occurrence of the two re- 
Sponses. In addition, it is apparent from 
Fig. 1 data that the response Sequences 
in Cond. 5, 10, and 20 generally followed 
the event patterns. 

The present experimental design, 
within the A-B, A.C transfer framework, 
involves variation in A.B, A-C trial- 
block pattern. The results indicate that 
as A-B learning increases, transfer effects 
change from negative to positive. This 
finding is in agreement with other studies 
Which show that negative transfer de- 
creases as A-B learning increases (Jung, 
1962; Mandler & Heinemann, 1956; 
Postman, 1962). Second transfer 
finding is that transfer effects diminish 
with repeated A-B, A-C shifts (Mc- 
Geoch & Irion, 1952, Pp. 338-339), 

The recall and recognition findings are 
relevant to two aspects of the “unlearn- 
ing" issue. First, the results indicate 
that "unlearning," defined as the lack of 
recall of B following A-B, A.C acquisition 
(Barnes & Underwood, 1959), is maximal 
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in the traditional A-B, A-C design (Cond. 
20). The difference of recall of “last! 
and "other" responses over Cond. 10, » 
and 1 further suggests that “unlearning 

decreases with more frequent B and C 
response changes. Second, if the recogni- 
tion data are assumed to indicate that no 
difference exists in A-B, A-C associative 
Strength, then the results suggest that 
"unlearning" is due to a lack of the 
availability of the B response at the time 
of recall rather than to a loss of A-B 
associative strength. Furthermore, the 
more frequent shifts of B and C of Cond. 
10, 5, and 1 provide for a greater ayaa 
bility of B and a correlated lack o 

“unlearning.” 
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The relationship between stimulus information (1, 2, or 3 bits) and 
reaction time (RT) was investigated for 5 types of associations all of 
which required naming responses to familiar stimuli (Experiment I— 
faces of fraternity brothers; Experiment II—line drawings of animals; 
Experiment III—colors; Experiment IV—geometric symbols; Experi- 
ment V—letters of the alphabet). Each of 54 Ss served in 3 information 
conditions of 1 of the 5 experiments. The observed slope for letters, 
though reliable, was less than .01 sec/bit. In Experiments I-IV 
marked increases in RT accompanied changes in stimulus information, 
and all curves were negatively accelerated. The results indicate that a 
high degree of overlearning is not sufficient to produce independence 
of RT and information measures. A response-competition hypothesis 
is suggested to account for differences between the results with letters 


and other stimuli. 


For many years the empirical 
generalization that choice reaction 
time (RT) increases with the size of 
the stimulus set was among the most 
firmly established psychological prin- 
ciples. From the early work of 
Merkel (1885) to recent research 
relating information measures to RT, 
support for the generalization has 
been found with a wide variety of 
tasks (Brainard, Irby, Fitts, & Al- 
luisi, 1962; Bricker, 1955; Hick, 1952; 
Hyman, 1953). In terms of in- 
formation measures, these results have 
been summarized by the proposition 
that RT is a positive linear function 
of the average information trans- 
mitted per response (H). ves 

Within the past 5 yr. several stu a 
have shown that there are some tasks 
on h RT apparently does ot 
ie function of stimulus or 
ero i inf rmation. Leonard 
transmitted Ph esult when Ss 

bserved this r 
(1959) > ment responses to 
made finger-mon lied directly to the 
tactual stimuli app 1e i 
rted by National 


1 This study was SUPPP CS 393 awarded 


ion Grant 
ience Foundation > 
Scienc: niversity: 


finger tips. David, Moray, and 
Treisman (1961) required Ss to repeat 
or "imitate" tape-recorded sounds 
played through earphones. The vari- 
able of number of stimulus alter- 
natives did not influence RT when the 
stimuli were numbers, letters, or 
words. Mowbray (1960) found that 
the time to name visually presented 
numerals remained a constant over 
the range of 2-10 stimuli. Similar 
results have been reported by Brain- 
ard etal. (1962) and Morin and Forrin 
(1962). In another study, Mowbray 
and Rhoades (1959) used a single S 
and observed that initial differences 
between finger reactions to two and 
four lights disappeared after 39,000 
trials of practice. 

In most of the studies cited the in- 
vestigators have expressed the view 
that practice, familiarity, and/or 
stimulus-response compatibility are 
important variables which influence 
whether or not the RT-H; function 
will have zero slope. Though this 
conclusion seems appropriate to the 
tasks and results upon which it has 
been based, the generality of the posi- 
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TABLE 1 


RESPONSE LISTS FOR FIVE EXPERIMENTS 


I II II IV v 
Faces | Animals Colors Symbols | Letters 
BILL | BIRD GREEN SQUARE F 
DON FROG PINK DOTS G 
JoE PIG BLUE CIRCLE A 
AL GOAT | YELLOW | TRIANGLE | E 
DAN | DOG VIOLET | CROSS B 
JACK | HORSE | RED LINE cC 
TOM | CAT ORANGE D 

RON | SEAL | WHITE H 


tion would be more firmly established 
were it founded on a broader sample 
of tasks. All adults have available a 
large repertoire of highly overlearned 
responses ; there are many objects and 
symbols which they can easily name, 
The purpose of the present investiga- 
tion was to determine whether in- 
dependence of RT and information 
measures is maintained over a variety 
of associations all of which require 
"naming" responses tofamiliar stimuli. 


METHOD 


Five experiments were conducted and in 
each a different class of stimuli was used. 
These were: Exp. I—faces of fraternity 
brothers; Exp. II—line drawings of animals; 
Exp. III—colors; Exp. IV—geometric sym- 
bols; Exp. V—letters of the alphabet. 
"Though the studies were similar enough to be 
regarded as conditions of a single investiga- 
tion, they are referred to as separate experi- 
ments primarily because they were not run 
at the same time by the same Æ, 


] In addition, 
there Were minor variations in procedure 
and design. 

Subjects.—From 


& total of 54 under. 
graduate students at Kent State University, 


13, 12, 8, 10, and 11 served as Ss in Exp. I-V, 
respectively. Males were used in Exp. I, n 
and V, and females in Exp, III, In Exp. IV 
there were six males and four females, For 
their participation Ss either were credited 
with fulfilling an introductory Psychology 
course requirement or were paid $1.00. 
Apparatus.—Stimuli in Exp. III were 
presented by a Kodak Carousel slide pro- 
jector positioned to the rear of a milk-glass 
viewing screen located 2 ft. from S. Projected 


_ Screen. 
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images were approximately 6.5 X 10.0 in. in 
Exp. I and III, and 4.0 X 4.0 in. in Exp.II. 
In the final two experiments symbols and 
letters varying between .5 and 1.0 in. in their 
principal dimensions appeared on Industrial 
Electronic Engineers display cells (Series 
10,000). The cells were mounted 1 ft. from 
S in a black “shadow box" and were pro- 
gramed by an eight-channel tape reader. A 
Hunter voice key, a Hewlett-Packard lec- 
tronic counter, and a Hewlett-Packard digital 
recorder measured and recorded RT. 

Stimulus materials.—Table 1 lists the re- 
sponses associated with the set of stimuli 
employed in each experiment. For E p. I 
slides were prepared from black and white 
portrait-style photographs of fraternity 
brothers. Since Ss were all actives living in 
the same fraternity house, each man pictured 
was well-known by his first name. The eight 
men whose names appear in Table 1 also 
served as Ss. When one did so, slides de- 
picting him were replaced by those of another 
brother named Jim. In Exp. II the stimuli 
were white line drawings of animals on a 
black ground. The colors used in Exp. III 
were obtained from cellophane placed in slide 
binders and projected on the milk-glass 

Some properties of the stimuli in 
Exp. IV are not apparent from the names 
given to them: the TRIANGLE was equilateral 
and rested on its base; the three pors were 
equally spaced and horizontally arranged; 
the vertical and horizontal legs of the CROSS 
were equal in length and met at their mid- 
points; the LINE was horizontal. 

In each experiment the 
select readily identifiable vis 
which Ss had highly overlear 
responses. Thus, for most Ss the word 
TRIANGLE is clearly a dominant response to a 
visually presented triangle, though certainly 
other responses exist at lower associative 
strengths (e.g., pyramid, rack). ə 

Experimental conditions.—The three condi- 
tions in cach experiment were distinguished 
in terms of number of stimulus alternatives 
or average information per stimulus (IL). 
With a single exception there were 2, 4, or 8 
stimuli in a condition, producing 1, 2, or 3 
bits of information per stimulus, respectively. 
In Exp. IV, six geometric symbols (2.58 bits 
Per stimulus) were used in lieu of a condition 
with eight symbols. 

. The responses listed in Table 1 may be 
interpreted to indicate which stimuli were 
employed in each condition. When 2 stimuli 
(2, 4, 6, or 8) were needed in a condition, the 
stimuli associated with the first n responses 


intent was to 
ual stimuli for 
ned single word 
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of the appropriate list in Table 1 were always 
the ones chosen. Thus, for the condition in 
Exp. I with four stimuli Q bits of stimulus 
information), slides depicting a bird, a frog, 
a pig, and a goat were used for all Ss. . 

Procedure.—At the beginning of the single 

experimental session S was shown and asked 
to name, by a single word, each stimulus in 
the total set for the experiment. Correspond- 
ence between the names provided by Ss and 
those listed in Table 1 was perfect for stimuli 
in conditions with 1 or 2 bits of information. 
When discrepancies did arise with other 
stimuli (e.g., the cross was called PLUS and 
violet w called PURPLE), S used his own 
onses and not those in Table 1. 
Zach S served in all three conditions. The 
experimental session was divided into nine 
blocks of practice. Within successive sets of 
three blocks, each condition occurred once, 
but no condition ever followed itself. Apart 
from these restrictions the order of conditions 
was randomly determined for each S. 

A block of trials consisted of 72 stimulus 
presentations. The eight initial stimuli were 
randomly varied “lead-ins” used for warm-up 
and to disguise. the fact the terminal 64 
stimuli were always in the same order for a 
given condition. Sequences for the final 64 
stimuli equated the frequency of each stimulus 
within a condition and first-order transitional 


FACES 
ANIMALS 
COLORS 
SYMBOLS 
LETTERS 


ISEC.) 


MEAN REACTION TIME 


probabilities as well. Furthermore, parallels 
existed between the stimulus orders used in 
the three conditions. In each study there 
were two critical stimuli, the two common to 
all conditions. If a critical stimulus was 
presented on Trial & in a condition with eight 
stimuli, the same stimulus was presented on 
Trial k in the other two conditions. 

When a stimulus appeared it remained on 
until S’s response activated the voice key. 
In the experiments employing the slide 
projector the interval between the termination 
of one stimulus and the onset of the sub- 
sequent stimulus was .7 sec. When display 
cells were used, the comparable period was 
1.0 sec. During the 1.0-min. rests between 
blocks of trials, E changed slide trays or 
stimulus tapes, and reminded S to react as 
rapidly as possible consistent with a high 
degree of accuracy. 


RESULTS 


Since there were no changes in the 
relationships among conditions with 
stage of practice, all RT data reported 
are based on a single measure for each 
S in each condition. This measure 
was a mean for 48 reactions to critical 
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Mean RT in seconds as a function of inform: 
in bits for the five experiments, 
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TABLE 2 


SUMMARY OF TREND ANALYSES 
FOR FIVE EXPERIMENTS 


Exp. Source | df | MS F 
Slope — | 1 |1980.14 | 673.52% 
I Quadratic) 1 | 245.93 | 73.19** 
Faces | Ind.slope | 12 | 2.94 
Ind. quad. 12 3.36 
Slope | 1 | 1409.13) 98.96** 
II Quadratic, 1 169.59 | 33.06** 
Animals | Ind. slope | 11 14.24 
Ind. quad. 11 | 5.13 | 
Slope 1 | 95018, 78.92** 
IH Quadratic! 1 43.13 | 21.78** 
Colors | Ind. slope) 7 12.04 
Ind. quad. 7 | 1.98 
Slope 1 |1348.96 | 88.40** 
IV | Quadratic) 1 | 14.24| 9.56* 
Symbols, Ind. slope | 9 15.26 
Ind. quad.| 9 | 1.49 
Slope 1 11.93 6.28* 
V Quadratic| 1 2.72 1.85 
Letters | Ind. slope | 10 1.90 
Ind. quad.| 10 1.47 
*p «.05 
**b c.l 


stimuli, 16 from each of three blocks 
of practice allocated to a given condi- 
tion. The 16 trials selected were the 
ones for which critical stimuli were 
the same in all three conditions. 

In Fig. 1 mean RT is plotted as a 
function of H, for the three conditions 
of each of the five experiments. Most 
notable are the marked increases in 
RT with H, for faces, animals, colors, 
and symbols. Considerably smaller 
increases averaging less than .01 sec/ 
bit were observed for letters. Trend 
tests analyzing the significance of the 
H, variable in each experiment are 
summarized in Table 2. In all studies 
the linear component of the regression 
of RT on H, was significant when 
evaluated against the variability of 
individual slopes. The finding of 
statistica! significance for letters re- 
flects the homogeneity of different Ss 
on the slope measure. The quadratic 
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components of the obtained functions 
were significant in Exp. I-IV, a result 
predictable from the finding that the 
curve for every S in these experiments 
was negatively accelerated. 

Error rates were relatively low in 
all experiments even though any 
incorrect verbal response which set 
off the voice key was defined as an 
error. Thus, some errors were in- 
advertant "Ah's," and others were 
hybrid responses. Table 3 presents 
percentage of error for reactions on 
critical trials in each condition of the 
five studies. The maximum observed 
error rate of 2.3°; represents an 
average of slightly more than one 
error per S for the 48 critical trials 
within a given condition, For no 5 
were errors sufficiently frequent to 
produce more than minor discrep- 
ancies between M, and H,. 


Discussion 


The most striking finding in the 
present series of studies was the failure, 
in Exp. I-IV, to find functions with zero 
or near-zero slope when RT was plotted 
against H.. Only when the stimuli were 
letters did the obtained slope approach 
zero. If the associations in the first four 
experiments may properly be described 
as highly overlearned, then it is apparent 
that overlearning is not a sufficient 
condition to produce independence of 
RT and Hi or H,. 

One obvious question concerns ine 
distinguishing characteristics of assoc 


TABLE 3 


MEAN PERCENTAGE OF ERROR 
ON CRITICAL TRIALS 


Exp. 
H, y 
I I III IV à 
Faces Aii Colors | Symbols | Letters 
1 1.9 0.2 0.0 0.8 0.8 
2 1.6 24 1.0 2.3 0.6 
3 1.0 1:2 0.8 2.1 0.0 


RT FOR "NAMING" RESPONSES 


tions producing each type of result. 
What is different about naming letters 
(or numerals) from naming the faces of 
friends, pictures of animals, colors, or 
geometric symbols? Among _the po- 
tentially important distinguishing vari- 
ables are stimulus discriminability, de- 
gree of overlearning, and amount of 
response competition. Of the three, 
response competition tentatively appears 
most relevant. 

Letters may be more discriminable 
than faces or colors, but the same con- 
clusion would not seem to apply to a 
comparison of letters and geometric 
symbols. The names of letters probably 
are more highly overlearned than any of 
the other responses, and this could be a 
reason for the observed differences in 
performance. On the other hand, adults 
who started naming animals and colors 
at a preschool age should know these 
names at least as well as first-grade 
children know the names of numerals. 
Yet Morin and Forrin (1965), ina study 
with numerals as stimuli, found inde- 
pendence of RT and H, both for first 
and third graders. 

A hypothesis related to, but distinct 
from, degree of overlearning is that 
classes of associations differed in terms 
of the number and strength of responses 
competing with each dominant response. 
Despite a very high associative strength 
between the picture of a "dog" and the 
response DOG, S might find it somewhat 
easier to rename this stimulus (e.g., 
COLLIE, POOCH, LASSIE) than to attach 
a second, third, or fourth name to a 
letter of the alphabet or a numeral. The 
word CIRCLE was the first response to the 
"circle," but it would not have been 
incorrect to have called the stimulus 
BALL, DISC, or COIN. Response competi- 
tion was also possible for faces and colors. 
Some of the men had nicknames, and the 
dominant response to the colors may 
conceivably have competed with words 
Which described subtler aspects of hue 
and saturation for the female Ss. 

Three other features of the data are 
noteworthy. First, RTs for the groups 
with 1 bit of stimulus information were 
remarkably similar considering differ- 


313 


ences in Ss, procedure, and initial sounds 
of critical stimuli. The observed differ- 
ences in RT were not significant; 
F (4,49) = .79. With only two alterna- 
tive responses, and these highly over- 
learned, perhaps S can raise both to a 
near threshold level prior to stimulus 
presentation and thus avoid the effects of 
response competition. 

A second point of interest is the 
Observation of a small but significant 
slope for letters where independence 
might have been anticipated. This find- 
ing from Exp. V is not inconsistent with 
the view of Fitts and Switzer (1962) who 
would say that a positive slope should be 
observed, even for letters or numerals, 
provided the smaller subsets of stimuli 
are relatively familiar. 

A final point of significance was the 
finding of nonlinear functions in Exp. 
I-IV. Linearity is the more common 
result. On the average, in these studies, 
increasing H, from 1 to 2 bits added .121 
sec. to RT, but a change from 2 to 3 bits 
cost only .065 sec. Both of these values 
are low relative to those obtained in other 
research (Brainard et al, 1962) with 
verbal reactions (excluding numeral nam- 
ing and letter naming). The two find- 
ings, nonlinearity plus a somewhat 
smaller slope, may both be associated 
with the high degree of overlearning 
Which characterized allfour tasks. Seibel 
(1959) gave many thousands of trials of 
practice on key-pressing responses to 
light stimuli and concluded from terminal 
performance that “RT is an increasing 
but negatively accelerated function of 
the log of the number of alternatives, 
with little or no increase beyond ap- 
proximately eight alternatives," One 
other possibility is that curvilinearity 
might be associated with the use of Ss as 
their own controls and/or with differ- 
ential practice on stimuli common and 
stimuli not common to all conditions. 
Several analyses, including a between-Ss. 
comparison made prior to differential 
practice, indicate that the nonlinear 
functions were not simply a consequence 
of the design and procedure employed. 

Independently of the present research, 
Fraisse (1964) has conducted very similar 
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investigations. Working with colors and 
letters, his curves are practically identical 
to those in Fig. 1. It is likewise his 
interpretation that overlearning is not a 
sufficient condition to produce independ- 
ence of RT and number of stimulus 
alternatives. 
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The previously reported 


blocks separated by at least 48 hr, 


measure showed that 190 acquisitio 
60 trials for both extinction intert 
extinction decrements within a 5-tri 
following 60 acquisition trials but in 


Experiments by North and Stimmel 
(1960) and Birch, Ison, and Sperling 
(1960) produced data which indicate 
that the extinction of the approach 
response in the Straight runway is not 
a monotonically increasing function 
of the number of acquisition trials, 
In both cases during extinction the 
starting speed decreased more rapidly 
and reached a lower level for the 
STOUDS given greater numbers of 
Later, Ison (1962) 

) Systematically 
training trials 


d a nonmono- 
tonic relation between mean speed of 


running during extinction and extent 
The form of this 
function is an initially rising and sub- 
sequently falling one (Birch, 1961). 
Ison trained his rats for either 10, 20, 
40, 60, 80, or 100 trials and found 
fastest response in extinction for his 
20-trial group. Clifford gave 24, 48, 
84, 132, or 192 acquisition trials with 
the 48- and 84-trial groups showing 
fastest response in extinction, 

Hill and Spear (1963) failed to find 


! This research was supported by National 
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author. 
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negative relationship between 
acquisition and response speed during extinction on the straig 
when large numbers of training trials are used w. 
markedly different extinction intertrial intervals, 
60 or 190 trials, were factorially combined with 2 
intervals, 1 min. or 24 hr., and extinction Was evaluated 


extent of 
ht runway 
as investigated under 
2 degrees of training, 
extinction intertrial 
Over 3 5-trial 


Results for the postrecovery speed 
n trials led to faster extinction than 
rial intervals, 


Also, under massed 


al block decrease during extinction 
crease following 190 trials. 


nonmonotonicity with groups given 8, 
16, 32, 64, or 128 acquisition trials, 
and House (1963) reports mono- 
tonicity for acquisition groups of 30, 
60, and 120 trials. Theios and Brels- 
ford (1964), however, specifically at- 
tempted to reproduce the conditions 
of Ison's experiment and replicated, 
almost to the point of identical values, 
the findings for his 10- and 60-trial 
groups. 

Experimentation 
isolated and identified the conditions 
of acquisition 
which nonmonotonicity holds. 


condition of possible importance is the 
intertrial 


extinction. 


tively spaced extinction trials were 


a day, and extinction 


1 or 2 days, Thus, there is an indica 
tion that the extended aining ex. 
tinction effe t 
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extinction days than it is under a 
single day of massed extinction. 

The present experiment was de- 
signed to pursue this point by fac- 
torially combining two levels of train- 
ing, 60 and 190 trials, chosen on the 
basis of Clifford's (1964) results, with 
two widely different extinction inter- 
trial intervals, 24 hr. and approxi- 
mately 1 min. In addition, a special 
arrangement of grouping extinction 
trials into sets of five with a prolonged 
rest between sets was devised. This 
blocking of the extinction trials allows 
comparison of the training groups in 
terms of the temporary extinction 
occurring within sets of five trials and 
the permanent extinction evaluated 


after opportunity for spontaneous 
recovery. 


METHOD 


Subjects.—The Ss were 57 naive male rats, 
approximately 90 days old at the beginning 
of training, from the colony maintained by 
the Michigan Psychology Department. Two 
Es; each of whom collected half the data in 
each condition, began with 28 and 29 Ss, 
A total of 8 Ss was discarded for excessively 
slow running and failure to eat and 1 S died. 
All losses occurred during acquisition with the 
distribution 2, 4, 1, 1, 1 on Days 1, 2, 3, 4, and 
10. The experiment was completed with 6 
Ss in each of four conditions for each E. 

Apparatus.— The straight alley described 
by Clifford (1964) was used. Briefly, the 
alley is enclosed, 523 in. long, 4 in. wide, and 
6 in. high, covered with }-in. hardware cloth 
and is painted flat black. A laterally sliding 
door, 11 in. from the front of the alley defines 
the start compartment and a shaped alumi- 
num food dispenser, which prevented sight 
of the food cup until S was on top of it, was 
attached to the end of the alley. No goal-box 
door was employed. Four clocks, timing S 
in the start box and over three additional 
10-in. sections of the alley, were controlled by 
a system using infrared photocell beams. 

Procedure.— The Ss were deprived of food 

over a weekend and then maintained on a 
22-hr. schedule with 10-12 gm. of laboratory 
chow for the duration of the experiment. 
Pretraining took 5 days during which each S 


? James Allison and L. Thomas Clifford. 
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was handled cach day, allowed to drink 10 
drops of 20% sucrose solution on each of the 
last 4 days, permitted to explore the alley 
for 10 min. on the fourth day, and given one 
preliminary acquisition trial on the fifth day. 
Acquisition training was given only on 
weekdays with .Ss fed on their regular 
maintenance schedule on Saturday and 
Sunday. Five trials per day were run on the 
first 2 training days and 10 per day thereafter. 
On each trial S was confined in the start 
box for 15 sec. before the start-box door was 
opened and was left in the alley for 30 sec. 
following his consumption of the two drops 
of 20% sucrose solution. The start-box door 
was closed while S was drinking. Water was 
available in the home cages at all times and 
also in the holding cages between trials. The 
minimal intertrial interval was about 1 min. 
Extinction occurred with the food cup in 
place but empty. In the massed condition S 
was given five trials in immediate succession 
with an intertrial interval of about 1 min. 
The 5 was returned to the holding cage be- 
tween trials while E read the clocks. Spaced 
extinction was administered at one trial a 
day. Acquisition ended on Friday and ex- 
tinction began on Monday for the spaced 
groups. A block of five trials carried through 
Friday, and no trials were run on the weekend. 
"Three such blocks of five spaced trials were 
provided plus a sixteenth trial the final 
Monday. This procedure defined blocks of 
five spaced trials separated by 72 hr. For the 
massed groups acquisition ended on a 
Tuesday, and extinction began the following 
Friday giving the same 2-day interval as for 
the spaced groups. The S received a set of 
five massed trials on Friday, second and 
third sets on the following Monday and 
Wednesday, and a sixteenth trial on Friday. 
This procedure defined blocks of five massed 
trials separated by 72 or 48 hr. The day of the 
week on which acquisition began was chosen 
to result in the desired starting days for 
extinction, . 
Design.—Two degrees of acquisition, 60 
or 190 trials, are combined factorially with 
two conditions of extinction, massed or 
spaced trials. Each of the four cells contains 
12 5s, 6 of which were run by each of two Es. 


RESULTS 


During alley training the groups 
differed only in the number of trials, 
either 60 or 190, received. The ac- 
quisition data for all four groups 
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Mean response speed during acquisition, 


pertinent to extinction are shown in 
Fig. 1. Each point. is the mean e 
sponse speed of leaving the start box 
for the 12 Ss of a group where each 
S's score is the median of the last 9 
trials of the day. Groups 60M and 
60S are similar to each other as are 
Groups 190M and 1908, but m 
is a suggestion of relatively faster 
acquisition in the two 60-trial groups 
than in the 190-trial groups. 
Terminal acquisition was evaluated 
by an analysis of variance on the data 
from the last training day. Amount 
of training, future extinction condi- 


tion, and E form a three-dimensional 
factorial design. The analysis shows 
a significant main effect for Amount of 
Training, F (1, 40) = 5.89, p < .05. 
The other main effects 
actions yield F < 1. 

basic groups enter exti 
only in terminal acquisition speed 
attributable to extent of training. 
When the data from Trial 1 of extinc- 
tion are used to evaluate terminal 
acquisition response-speed differences, 
however, none of the conditions, 


either singly or in interactions, show 
significance, 


and the inter- 
Thus, the four 
nction differing 
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Mean response speed over the 16 
extinction trials is shown in Fig. 2. 
The most striking aspects of the data 
are (a) the relatively steeper drop in 
the postrecovery speeds (Trials 1, 6, 
11, and 16) for the massed and spaced 
190-trial groups as compared with the 
corresponding 60-trial groups, (b) the 
lack of differences in postrecovery 
speeds for the massed and spaced 
extinction conditions, and (c) the 
marked effect of the extinction inter- 
trial interval on response speed within 
a five-trial block. Table 1 contains 
the mean postrecovery response speeds 


(Trials 1, 6, 11, and 16) and the mean 
response speed decrements within the 
five-trial blocks (Trials 1-5, 6-10, and 
11-15) for the four treatment groups. 

The effects of extent of training, 
extinction intertrial interval, and Æ 
on postrecovery response speed were 
evaluated from Trials 1, 6, 11, and 16 
using a four-way analysis of variance 
with trials as a correlated dimension. 
The pattern of results shows that the 
postrecovery response speeds are af- 
fected by the extent of training but 
not by the intertrial interval in 
extinction. The interaction between 
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TABLE 1 
MEAN PosTRECOVERY RESPONSE SPEED (TRIALS 1, 6, 11, AND 16) AND MEAN 
RESPONSE-SPEED DECREMENTS (TRIALS 1-5, 6-10, AND 11-15) 
Postrecovery Response Speed Decrement 
Trials hrs x — Ó— 
1 | 6 | 11 | 16 | 1-5 | 6-10 | 11-15 
207 143 143 | 96 | 90 121 129 
WOM 188 | 157 | 133 150 | 159 124 | 78 
1908 21 | 17 193 98 =3 4 | 17 
608 0173. | 155 161 | 160 34 -17 | -33 


Extent of Training and Extinction 
Trials was significant, F (8, 120) 
= 5.07, p < .01, indicating the course 
of extinction was di erent following 
60 and 190 acquisition trials. . In 
addition, Ss given 190 acquisition 
trials were found to be significantly 
slower than those given 60 trials, 
F (1, 44) = 7.77, p < .01, when eval- 
uated on Trial 16 alone. 

Neither extent of training nor ex- 
tinction intertrial interval as main ef- 
fects nor their interaction approached 
significance. In fact, except for the 
Trials main effect, F (3, 120) — 8.90, 
p € 001, the only other significant 
sources of variance were the interac- 
tions between Trials and E, F (3, 120) 
= 2.01, p < .05, and among Extent 
of Training, Trials, and E, F (3, 120) 
= 5.51, p < .01. All other F values 
tended to be close to or less than 
unity. Examination of the data shows 
that the Trials X Æ interaction arises 
because the extinction is occurring at 
different rates for the two Es. Simi- 
larly, the triple interaction is present 
because of differences in degree of the 
first-order interaction between Extent 
of Training and Extinction Trials for 
the two Es rather than because 
of differences in the form of the 
interaction. : 

To facilitate evaluation of the re- 
Sponse-speed decrements within blocks 
9f five trials, mean values for differ- 
ences in speed between Trials 1 and 5, 


6 and 10, and 11 and 15 have been 
entered in Table 1. The data on 
decrements were analyzed by a four- 
way analysis of variance with trial 
blocks as a correlated dimension. 

Five massed trials clearly result in 
larger decrements than five spaced 
trials, F (1,40) = 52.23, b < .001. 
In addition, the trend in the size of 
decrements over trial blocks is differ- 
ent for the two training conditions as 
shown by the significant Extent of 
Training X Trial Blocks interaction, 
F (2, 80) = 4.17, p < .05. Examina- 
tion of Table 1 reveals that for Groups 
190M and 190S decrements get larger 
asextinction proceeds while for Groups 
60M and 60S decrements get smaller. 
The only other significant source of 
variance in the analysis is attributable 
to the main effect for Es, F (1, 40) 
= 6.94, p. < .05. 

Results for running speed parallel 
those for response speed. Readings 
from the last three clocks were 
summed to give S's total running 
times which were converted to running 
speeds by a reciprocal transformation. 
Terminal acquisition running speed, 
when evaluated by analysis of vari- 
ance on the last training day, showed 
all main effects, Extent. of Training, 
Extinction Intertrial Interval, and E, 
nonsignificant. The only significant 
effect was for the interaction between 
Extent. of Training and Extinction 
Intertrial Interval, This effect occurs 
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TABLE 2 
MEAN PosTRECOVERY RUNNING SPEED (TRIALS 1, 6, 11, AND 16) AND MEAN 
: RuxNiNG-SPEED DECREMENTS (TRIALS 1-5, 6-10, AND 11-15) 
| Postrecovery Running Speed | Decrement 
Trials | 
| 1 | 6 | n 16 1-5 6-10 11-15 
89 59 7 42 | 30 29 46 
wedge | 8] e | 8 | z] g 
1908 104 54 53 3 | m = =45 
60S 108 101 107 77 | 16 —26 0 


primarily because the 190S group 
ran unusually slowly. A comparable 
three-factor analysis of variance for 
Trial 1 of extinction produced non- 
significance throughout. 

Table 2 contains the postrecovery 
and decrement data for running speed. 
These data, like those for response 
speed, show a greater postrecovery 
extinction effect following 190 acquisi- 
tion trials than following 60, little 
difference in postrecovery speeds for 
massed and spaced extinction, and 
marked effects of extinction intertrial 
interval on decrements within a 5-trial 
block. It might also be noted from 
Table 2 that the mean postrecovery 
running speeds for the 190-trial groups 
are appreciably below those for the 
60-trial groups by Trial 6 after being 
only slightly below on Trial 1. This 
contrasts with the response speed 
results which indicate it takes until 
Trial 16 for the separation between 
the training groups to occur. 

Analysis of variance on the post- 
recovery running-speed data shows a 
pattern of significance similar to that 
for response speed with one exception. 
For running speed the Extent of 
Training main effect was found to 
be significant, P (1, 40) = 20.89, 
p <.001, and the interaction be- 
tween Extent of Training and Extinc- 
tion Trials nonsignificant while for 
response speed the opposite held. 
That the effect attributable to train- 


ing appeared early in extinction for 
the running-speed measure is illus- 
trated by the nonsignificant difference 
between the 190- and 60-trial groups 
on Trial 1, and the significant differ- 
ence between these groups on Trial 6, 
F (1, 40) = 16.71, p < .001. 

Analysis of variance was also carried 
out on the running-speed decrements 
presented in Table 2. In correspond- 
ence with the response-speed results, 
differences between the massed and 
Spaced extinction intertrial intervals 
were highly significant, but no signifi- 
cant effects attributable to Extent of 
Training were found. Running-speed 
decrements tend to become smaller 
for both training groups as extinction 
proceeds yielding a significant Trial 
Blocks main effect, F (2, 80) = 7.57, 
P < .01, and a nonsignificant Extent 
of Training X Trial Blocks inter- 
action. These results are opposite in 
pattern to those for response speed. 
Significant effects due to E were found 
at both the main effect and interaction 
levels but examination showed these 
effects to be in terms of magnitude 
rather than direction. 


DiscussioN 


The data agree with previous straight- 
alley findings of a negative relationship 
between the extent of acquisition and 
approach response speed during extinc- 
tion when large numbers of training 
trials are used. Groups given 190 ac- 
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quisition trials showed a faster rate of 
extinction than those given only 60 trials 
for both postrecovery speed measures. 
These postrecovery, or what might ap- 
propriately be called permanent, extinc- 
tion effects were not affected by the 
massing or spacing of the five trials 
within a block, however. Thus, it 
appears that whatever may be the source 
of the extended training extinction effect, 
it operates on permanent extinction and 
does so independently of the intertrial 
interval used during extinction. 

Differences as a function of extent of 
training also show up in the response- 
speed decrements that occur within a 
five-trial block under massed extinction. 
These decrements decrease in magnitude 
across blocks for Group 60M but increase 
for Group 190M. A similar though less 
clear pattern holds for running speed. 

The results for both the postrecovery 
and the decrement measures are con- 
sistent with a two-factor theory of the 
extinction of the instrumental approach 
response in the runway offered by Birch 
(1961). This theory grows out of those 
of Amsel (1958) and Spence (1960) and 
has much in common with Amsel's 
(1962) recent statement. It is proposed 
that the approach response in the alley 
declines both because of the experimental 
extinction of the fractional anticipatory 
goal response (r,-sj)) supporting the in- 
strumental response and because of the 
introduction of the antagonistic effects of. 
frustration (rj-sj)). The magnitude of 
the frustration effect is assumed to be an 
increasing function of the strength of 
"ys, present when nonreinforcement 
occurs. Te 

The more abrupt decline in response 
speed and in running speed for groups 
given the 190 training trials is said to 
occur because rg-5¢ is stronger for these 
groups than for groups given only 60 
training trials and as a result propor- 
tionally more of the total extinction is 
attributable to the antagonistic effects of 
frustration. This same argument can be 
extended to account for the decrements 
in response speed occurring within the 
five trials of massed extinction for 
Groups 190M and 60M. As extinction 


of the instrumental response proceeds, 
the decrements become progressively 
smaller for Group 60M because the effect 
is due primarily to the negatively ac- 
celerated course of experimental extinc- 
tion of rg-sy. In Group 190M, however, 
the additional action of 7;-s; leads to 
increasing decrements over the number 
of extinction trials used. This is because 
the frustration response, elicited in the 
goal chamber, must occur in the start 
box in order to be effective in reducing 
the start speed. Presumably, a number 
of trials are required for the conditioning 
of rs, to the start-box cues, and re. 
sponse-speed decrements become larger 
as this conditioning proceeds. This 
trend in size of decrements would be ex- 
pected only in the initial stages of ex- 
tinction when r,-s; and ry-Sy are both 
strong. The similar, though less pro- 
nounced, difference in trend between 
190M and 60M for the running-speed 
measure can be accounted for in the 
same wav. 

Since the 60S and 190S groups show 
the same kind of opposite trends in 
response-speed decrements as are shown 
by the 60M and 190M groups, it appears 
that the effects attributed to frustration 
may not depend on the massing of the 
extinction trials. Apparently the magni- 
tude of the frustration reaction and the 
course of conditioning for the effects of 
this reaction to cues of the start box are 
not affected by the intertrial intervals 
used. The result of mass ng extinction 
trials is to increase the size of the decre- 
ments within a 5-trial block over the 
spaced trials condition but to do so 
relatively constantly across blocks of 
extinction trials and equally for the two 
acquisition conditions, This result tends 
to hold for running speed as well as for 
response speed though there is a sugges- 
tion of differences in trend for the two 
190-trial groups. 


Two further facts in the data are note- 
worthy. First, the response speeds for 
Group 60S actually increase over the 
five trials within the second. and third 
blocks of extinction rather than simply 
decrease less, as is true for Group 60M. 
Secondly, Groups 60M and 60S show 
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greater initial response-speed decrements 
(Trials 4-5) than their counterparts, 
190M and 190S. Both of these results 
relate to finer aspects of the data than 
have previously been considered by the 
theory and raise questions concerning 
the details of the process going on early 


in extinction. 
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SELECTION STRATEGIES IN CONCEPT ATTAINMENT AS A 
FUNCTION OF NUMBER OF PERSONS 
AND STIMULUS DISPLAY?! 


PATRICK R. LAUGHLIN 


Northwestern Universi ty 


The selection strategies of individuals and 2-person Cooperative groups 


were inv 
stimulus di 


results weri S 
required fewer card choi 
individuals; (b) form di 
strategy than sequence displ: 


Pd in 5 concept-attainment 
s were used: (a) form displays consisting of geometric 
forms varying in 6 attributes with 2 levels of e 
consisting of 6 plus and/or minus signs in a row. 
cards in the stimulus displays was ordered or random. 


problems. 2 types of 


^h, (b) sequence displays, 
The arrangement of 
The principal 


(a) 2-person groups used the focusing strategy more, 
to solution, and required more time than 
s resulted in more use of the focusing 
5, with no difference in number of card 


choices; (c) no difference between ordered and random arrays in use of 
the focusing strategy or number of card choices, 


Bruner, Goodnow, and Austin 
(1956) distinguish the two basic selec- 
tion strategies of focusing and scan- 
ning in concept attainment. In 
focusing S tests the relevance of all 
the possible hypotheses involved in a 
particular attribute or attributes by 
choosing a card differing in one (con- 
Servative focusing) or more (focus 
gambling) attributes from a positive 
focus card. In Scanning he tests 
Specific hypotheses, either singly (suc- 
cessive Scanning) or all 
(simultaneous Scanning) or some 
intermediate number. In general, 
focusing is a more successful strategy, 
which Bruner et al. (1956) interpret 
as due to the more difficult memory 
requirements of scanning. This inter- 
pretation is supported by later experi- 
ments demonstrating the important 
effects of memory in concept learning 
by Cahill and Hovland (1960) and 


at once 


1 This paper is based on a dissertation sub- 
wore = Department of mn pn del 
Northwestern University in p de a oss 
of the requirements of the PhD io em 
author is greatly indebted to D. Dy a vera, 
C. P. Duncan, W. F. Hill, and dn dud 
wood for their very helpful advice a 
criticism. 
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Hunt (1961). Ina study of individual 
vs. group memory, Perlmutter (1953 
found better memory for groups. 
From these considerations of memory 
effects in concept learning and in 
individuals vs. groups, the present 
study hypothesized that two-person 
cooperative groups would (a) use the 
focusing strategy more than individ- 
uals, and (5b) solve concept-attain- 
ment problems in fewer card choices 
than individuals, If memory is a 
relevant variable, individuals should 
have more repetitions of card choices, 
more hypotheses, more repetitions of 
hypotheses, and more untenable hy- 
potheses than groups. i 
C oncept-attainment rese 
ically has used stimulus dis 
simple geometric forms & 


arch typ- 
plays with 
uch as tri- 


perceptual object having 


several at- 
tributes of variability, 


In applying a 
; attributes are suc- 
à acted from the unified 
object and the set of hypotheses 
involved tested for applicability to 
the concept, The S may thus be set 
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to use a focusing strategy because of 
the nature of the stimulus display. 
However, if the attributes were not in 
a single perceptually unified figure, 
but rather in a series of separate 
figures, S might perceive the situation 
as a problem in the permutations of 
discrete objects and thus be set to 
use a scanning strategy by directly 
testing specific hypotheses. Thus, the 
present experiment used two types of 
stimulus displays: (a) the typical 
geometric forms with six attributes, 
(b) a sequence of six plus signs and/or 
minus signs in a row. It was hy- 
pothesized that the form displays 
would result in more use of the 
focusing strategy than sequence dis- 
plays, and thus in fewer card choices. 


METHOD 


Design.—A 2 X 2 X 2 factorial design was 
used with the following variables: (a) number 
of persons (individual or two-person group), 
(b) stimulus display (form or sequence), 
(c) array (ordered or random). 

Subjects.— Twelve male introductory psy- 
chology students were randomly assigned to 
each of the four individual conditions and 24 
to each of the four group conditions. 

Stimulus displays.—The problem materials 
were 24, 28 X 44 in. white posterboards, each 
containing an 8 X 8 array of 61, 23 X 4 in. 
cards drawn in colored ink with dark out- 
lines. The 64 cards represented all possible 
combinations of six attributes with two levels 

ach. . 
" |n displays consisted of the following 
attributes and values: (a) shape: square or 
triangle (b) size: large or small (c) number: 
one or two (d) color: red or green (e) pattern: 
striped or solid (f) borders: one or two. 
Sequence displays consisted of all combina- 
tions of six plus and/or minus signs in a row. 
In order to facilitate reference to the six 
positions, each was a different color, so that 
the color name was the attribute and plus or 

inus the value of each color. The attributes 
der alues were listed on a reference card 
ani hs could use throughout the experiment. 
aT rds were numbered from 1 to 64 by 
E aii the upper right corner. . 
TE he stimulus displays were arranged in 
FR S arrays, in which the position of 
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each card varied systematically in relation to 
the other cards, and six random arrays. For 
example, on the first ordered array the top 
four rows of cards had one border and the 
bottom four rows two. Each attribute 
occupied a different position on each of the 
six arrays. Within cach treatment condition 
two replications were randomly assigned to 
cach of the six arrays, and within 
one replication was randomly as 
two-attribute and to 
concepts. 

Problems.—^A Ss within form or sequence 
displays received the same five problems in the 
same order. The two-attribute form display 
problems were: (a) striped, triangle (5) small, 
solid (c) one figure, two borders (d) two 
figures, large (e) green, square. Three- 
attribute problems added the values (a) 
large (b) square (c) large (d) red (e) one 
border, to the corresponding two-attribute 
Problem. The two-attribute sequence display 
problems Were: (a) green minus, red plus (5) 
black minus, yellow minus (c) orange plus, 
red plus (d) blue minus, green plus (e) blue 
plus, black plus. Three-attribute problems 
added the values (a) yellow plus (b) blue 
minus (c) green minus (d) orange minus (e) 


red plus, to the corresponding two-attribute 
problem. 


Procedure.—The instructions expl 
Meaning of conjunctive concepts and the 
nature of the task, pointed out the attributes 
and values and the ordered or random arrays, 
and emphasized that the problems were to be 
solved in as few card choices as possible 
regardless of time (Laughlin, 1964). i 


ich array 
signed to 
three-attribute 


one 


ained the 


Resutrs 


The means for t] 
groups for focusing 
of card choices to s 
to solution over 
Siven in Table 1 


he eight treatment 
Strategy, number 
olution, and time 
all five problems are 
- Focusing strategy 


Rite 4 according to three rules: 

obtain T Pos card choice had to 
„a Information on 

tribute one new at- 


information was ob- 


if more than one 
(focus gambling), 
either positive or 


inf ormation correctly 


the instance was 
the ambiguous 
resolved on the 


SELECTION STRATEGIES IN CONCEPT ATTAINMENT 828 
TABLE 1 
MEAN NuMBER OF CARD CHOICES TO SoLution, Focusinc STRATEGY, 
AND TIME TO SOLUTION OVER FIVE PROBLEMS 
Form Displays Sequence Displays 
Ordered Random Ordered | ^ Random 
i Tadividual " » 
Focusing Strategy | ,348 3:20 „2-89 | 2.50 
Card Choices to Solution 36.83 32.58 34.08 | 34.67 
Time in Minutes 16.50 19.20 12.60 | 15.20 
Group : n - 
F ing Strategy 4.19 3.88 3.62 | 3.38 
Card Chien te alu tion 26.08 30.42 26.58 25.08 
Time in Minutes 22.70 27.00 20.10 29.10 


Note.—Maximum focusing strategy is 5.00, 


next:card choice by altering only one 
attribute. (Rule 2) If a hypothesis 
was made it had to be tenable con- 
sidering the information available. 
Untenable hypotheses were of two 
types: (a) a hypothesis for a value of 
an attribute when the other value had 
previously occurred on a positive 
instance, e.g., the hypothesis “red 
Square" when a green instance had 
been positive; (5) a hypothesis for a 
value which had previously occurred 
On a negative instance, e.g., the 
hypothesis “red Square" when an 
instance with a red Square had been 
negative. (Rule 3) Neither the card 
choice nor hypothesis could be a 
repetition of a previous card choice or 
hypothesis. Each card choice and 
accompanying hypothesis (if given) 
that satisfied these three rules was 
counted as an instance of focusing, 
and the total number of such instances 
was divided by the total number of 
card choices to give a continuous 
focusing score from .00 to 1.00. 
Two-person groups used the focus- 
ing strategy more than individuals at 
the .001 level, # (1, 88) = 23.02, and 
required fewer card choices to solution 
at the .001 level, / (1, 88) = 14.37. 
Groups required more time to solution 
at the .001 level, F (1, 88) = 17.13. 


Form displays resulted in more use of 
the focusing Strategv than sequence 
displays at the .001 level, F (1, 88) 
= 14.07. There was no difference 
between form and sequence displays 
on number of card choices to solution, 
F (1,88) «1. The differences be- 
tween ordered and random arrays on 
number of card choices to solution and 
focusing strategy were not significant, 
F(1,88 «1 and F (1, 88) — 3.88, 
respectively. None of the interactions 
of any variable were significant. 

The means for the eight treatment 
groups for number of repetitions of 
card choices, hypotheses, repetitions 
of hypotheses, and untenable hy- 
potheses over all five problems are 
given in Table 2. 

Individuals had more repetitions of 
card choices than SToups at the .05 
level, F (1, 88) = 5.78; more hypoth- 
eses at the .001 level, p (1, 88) 
= 13.09; more repetitions of hypoth- 
eses at the .05 level, F (; 88) = 4.40; 
cy ea Pprenabie hypotheses at the 
the ieia d " deed pee 
Je interc >: any variable were 
significant, 
dnt, naue dfe Toe and six ran- 
YS a e two-attribute vs, 
three-attribute concepts were essen- 
tially contro] variables of secondary 
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TABLE 2 


MEAN NUMBER OF REPETITIONS OF CARD CHOICES, HYPOTHESES, REPETITIONS or 
SINUS HYPOTHESES, AND UNTENABLE HYPOTHESES OVER FIVE PROBLEMS 


Form Displays Sequence Displays 
Ordered Random Ordered Random 
Individual ices 2.08 4.83 1.77 5.57 
RO NAP SHE 15.08 19.92 14:00 16.67 
Repenitions of Hypotheses Ls n i35 13 
Untenable Hypotheses 3.83 5.5, 3, 2 
o NN ies 1.08 2.08 1.08 67 
D ee a CaGpIhds 1175 12.75 11:67 10.00 
itions of Hypotheses 92 1.33 42 i 
d Hypotheses 1.58 2.25 1.58 33. 


interest, they were analyzed across 
all conditions by a one-way analysis 
of variance rather than as Ar a 
effects in the factorial design. There 
were no significant differences qe 
either the six ordered arrays or Nis 
six random arrays iw wo preis 
z or number : 
7 (5, 4) « 1 for all four. ees 
thus no gross board-position e 
There was no m ogee et e 
two-attribute an attri- 
E rnm on number r4 Rn, 
F (1,94) < 1, but iere: p e m 
cepts resulted a x. = at Bi) g 
vel, F (1, — 6.38. 
gee h two-person groups 
required fewer card choices to solution 
a used the focusing strategy ma 
tis n individuals. However, as ina 
individual vs. group Lp dp 
he objection may be mac e tha : 
inca is merely an artifact, due a 5 
reater probability of € ; 
E h pair in group conditions eing 
Ro Thé overall mean in ability. If 
wu) rsons dominate the problem 
piace 'roup superiority is merely an 
so d function of their greater 
pi am order to test this objec- 
roe :orrection model of Taylor 
tion, the € r (1955) was used. 
t a " were formed by 
T wo-person "groups" we 


, 
randomly pairing all the 48 Ss in 
individual conditions, and giving each 
pair the score obtained by the better 
of the two individuals. The procedure 
was repeated with another random 
pairing to obtain another 24 Scores, 
and the 48 scores were compared with 
the actual group scores by a one-way 
analysis of variance. This analysis 
showed no difference between actual 
and artificial groups for number of 
card choices to solution, /° (1,46) < 1, 
The actual groups used the focusing 
strategy more than artificial groups at 
the .001 level, F (1,46) = 23.37. 


Disccssiox 
The difference 


Orrection 
at two persons Working to. 
the Strategy more than they 
ave working alone, This Seems 
due to better memory for tl č 
groups, as indicated by significar k 
— repetitions of card Choices i» : 
othese iti dee 
p 5, repetitions of hypotheses dud 


model, so th 
gether used 
would h 
to be 
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untenable hypotheses for groups than 
individuals. In addition, the oppor- 
tunity for discussion in the groups may 
have aided them in the realization that 
focusing is a strategy designed to reduce 
memory requirements and insure a 
constant increment of information on 
each card choice. . 

As hypothesized, form displays re- 
sulted in more use of focusing than 
sequence displays. This seems to reflect 
a difference in the perception of the two 
displays. The form displays would seem 
to be perceived as unified figures with 
several attributes of variation, which 
may set S to use focusing by successively 
abstracting attributes and testing the set 
of hypotheses involved in each attribute, 
The sequence displays would seem to be 
perceived as a series of different discrete 
objects, which may set S to consider the 
problem in terms of the permutations of 
many objects. "Thus, he would tend to 
use a scanning strategy in order to test 
specific hypotheses directly. However, 
despite the difference in the use of 
focusing, the hypothesis that form dis- 
plays would require fewer card choices 
to solution was not supported. 

The greater use of focusing with three- 
attribute concepts than with two-attrib- 
ute concepts is only suggestive because 
it was based on a one-way analysis of 
variance rather than a factorial effect. 
However, it does reflect the relative 
efficiency of focusing vs. scanning for the 


two types of concepts. With focusing, 


threc-attribute concepts can be solved in 
a maximum of four choices, while two- 
attribute concepts require a maximum 
of five. On the other hand, scanning is 
more difficult with three-attribute con- 
cepts, because, given the initial positive 
focus card, there are 20 possible three- 
attribute concepts and only 15 possible 
two-attribute concepts. 

Contrary to the results of Bruner et al. 
(1956), there were no differences in the 
use of focusing or number of card choices 
between ordered and random arrays. 
Since random arrays only complicate an 
already complex situation, it would 
seem better to limit future research on 
strategies to ordered arrays. 
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GENERALIZATION TO SIMILAR AND OPPOSITE WORDS 


RICHARD K. OLSON! 


University af Oregon 


30 Ss were taught a lev 
elicit “opposit 


to the primary responses. 
be greater for “similars 


Pressing response to 7 stimulus words which 
and 7 stimulus words which elicit 
primary responses in free-association tests. 


similars” as 
Generalization was tested 


It was expected that generalization would 


since it seemed that they should be a greater 
part of the meaning response to the stimulus. 


Significant generalization 


occurred to both opposites and similars (p € .001), but there was no 
significant difference between opposites and similars (p > .05). The 


hypothesis was rejected. 
Classical-conditioning approaches 
have used implicit meaning responses 
as a basis for semantic generalization. 
Razran (1949) has shown that a 
salivation response may be condi- 
tioned to words and generalization 
obtained to their synonyms. Since 
the conditioned response was based on 
similarity in meaning and not Pu 
appearance of the word, it seems t hat 
the conditioned response is contingent 
upon the internal meaning ne paee in 
the stimulus word. Mink (1963) usec 
a voluntary lever-pressing response to 
study generalization as related E. 
forward and reverse — |lis 
results indicated that a genera m 
effect can be obtained by pairing : 
voluntary response with we anc 
testing to sapiat e T 

Sarwoski and Scha m 

Nee attempts to classify eg 
association responses vr oen 
categories that are essentia m m 
of similarity, and of cop A 
difference. Responses invo ving = 
tification are included in a basic 
- of “similars” as opposed to 
nd at are “opposites.” lt is 
ses te iat response words of differ- 


possi are related to the mean- 


ent categories i. 
i et Tation 
r tri wishes to express appreci 
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ed Lon e of this research, and to Fred 
[kae Tor his suggestions and comments. 
Attnea 
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ing response of the stimulus words in 
strengths which are not measured by 
frequency of association, 

A method based on Mink's. (1963) 
generalization study has been devised 
to measure the relation of the response 
word to the stimulus word at the im- 
plicit level, and without the usual as- 
sociation request. With this method, 
associations in Karwoski's two basic 
categories, similarity and opposition, 
were compared. It was expected that 
more generalization would occur be- 
tween similars than between Opposites 
of equal free-association frequency. 


METHOD 


Subjects.—Sixteen men 
used. They were 
ductory psychology 
of Oregon. 

Materials.—All wo 


and 14 women were 
volunteers from intro- 
classes at the University 


rds used in the experi- 
ment were selected ‘from the Minnesota word- 


association response norms (Russell & 
Jenkins, 1954), with the exception of two that 
Were taken from Deese's (1962) unpublished 
norms for 500 words. Stimulus words and 
their Primary responses were classified into 
Categories of “opposites” and “similars” by 
two judges. The judges agreed on 85% of the 


Pairs. Those Pairs on which there was 
disagreement were rejected. 


Each S-R pair in the o 
Was matched with a simil 
@pproximately the same frequency of forward 
association, Reverse-association data for 
each pair was obtained from Deese's norm 

Ven matched pairs were selected so that the 


PPosites category 
ar S-R pair that had 
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TABLE 1 
FREQUENCIES OF ASSOCIATION AND GENERALIZATION 
| | 
- Frequency of | 
Stimulus Word Response Word | Forward Association | 
SHORT TALL 397 30 | E 
EATING FOOD 390 | 30 | 1 20 
coLp HOT 348 16 62 
ANGER MAD 353 20 2 
BEAUTIFUL UGLY 209 4 | 4 
COMMAND ORDER 196 1 | 75 
ROUGH SMOOTH 439 22 | 53 
CARPET RUG 460 6 | 45 
EARLY LATE 500 17 55 
HAMMER NAIL 537 23 32 
HATE LOVE 340 8 99 
OCEAN WATER 314 | 2 | 73 
BITTER SWE) 652 | 4 75 
BLOSSOM FLOWER 672 | 2 86 


mean frequencies of reverse association for 
each category were approximately equal. 
The pairs balanced for forward and reverse 
association are given in Table 1 with their 
respective frequencies. No response word 
was related to a stimulus word other than 
its own by an association frequency greater 
than 1% of the total. Also 17 neutral words 
were chosen which had no associative rela- 
tionship greater than 1% to any of the words 
in the 14 S-R pairs. 

The learning list was made up from the 14 
stimulus words with three of the neutral 
words (to be designated as "dummy" words) 
at each end of the list to help control for 
serial-position effects. The Opposite and 


similar stimulus words were alternated in the 
series, 


The test list consisted of the 14 response 
words, 5 dummy words used in the learning 
list, and 11 neutral words. The words were 
distributed randomly, with the restriction 
that no more than 2 words from a single 
classification could appear in Succession. A 
second form of the learning and test lists was 
made up in which the positions of Opposites 
and similars were exchanged to counter- 
balance for possible position. effects. Any 
obvious physical similarity among the words 
was avoided. 

Apparatus.—The lists were presented on a 
Hull-type memory drum enclosed in a wooden 
box. "Two one-way windows, 1 X2 in., 
each exposing one side of the drum, were set 
in the front of the box. A small light bulb 
was set on the inside of the box next to each 
window. A list could be viewed through a 
window only when its respective light was on. 


The words were typed in capitals on white 
kymograph paper. Protruding from the 
front of the box was a spring lever which .S 
held between his thumb and foretinger. The 
lever could be pressed down and was auto- 
matically returned to its Original position. 
The response lever was connected to a 
counter so that the number of responses could 
be recorded. 

Procedure.— The S was seated in front of 
the apparatus and was told that this w 
experiment in recognition time and rea 
speed. The S was presented with two lists 
of words. The first list appeared in the left 
window of the apparatus. The S was told to 
press the lever quickly when each word ap- 
peared and to remember the word as the lever 
was pressed. 

The learning list was pre: 
a 16-sec. break between pr 


sented twice with 


z esentations. The 
interval between all words was about 3s of 
& second. The speed o 


f presentation was one 
the learning list 
the test list. 


Word per 1 sec. on 
word per 13 sec. on 
. After the second Presentation of the le 
ing list there was a 2-min. break, 
time S was told that the te: 
tain most of the words in 
Pus ww S thought he recognized a word 
rom the learning list, he Was to press the lever 


as quickly as Possible. R, 
à M SS " es E “vel 
faintest reco mohan ne 


and one 


arn- 
During this 
st list would con- 
the learning list. 


gnition was emphasized. The 
test list was 30 Words | Was pre : 
l eus 5 long and was presente 
continuously six times. UNS Pees 
The E w 


lever-pressi 
first form 
presented 
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TABLE 2 


ANALYSIS OF VARIANCE OF CATEGORIES 


Source | MS | F 
tegories (C) | 2 | 1001 | 273 
$^ eee 29 1.554 i 
SxC 58 2367 = 


form to Ss 16-30. After each S had com- 
pleted the test, he was asked if he recognized 
any peculiar relationship between the test 
list and the learning list. 


RESULTS 


Total generalization scores for each 
response word are given in Table 1. 
A mean score for each S in each 
classification was obtained by adding 
the number of responses and dividing 
by the number of words in the cate- 
gory. There was an average over Ss 
of 2.043 responses per word for 
“opposites,” 2.103 for “similars,” 
4.253 for "dummy," and 1.075 for 
neutrals. 

Analysis of the results was made in 
terms of analysis of variance and the / 
test for correlated measures. The 
results of analysis of variance are 
summarized in Table 2. 

Analysis of variance for the three 
categories yielded F (2,58) = 27.3. 
Two £ tests were performed to deter- 
mine the significance of the difference 
between similars and opposites and 
between opposites and neutrals. Gen- 
eralization to similars was not signifi- 
cantly greater than to opposites. A 
comparison yielded. t (29) = 0.36. 
Comparison of opposites and neutrals 
yielded £ (29) = 8.06 (p < .001). 
^ Additional tests were performed to 
determine the correlation between 
frequency of forward association and 

frequency of generalization and be- 
tween reverse association and gen- 
eralization. An r —.05 (p 2 .05) 
was obtained for forward association 


and r =— .24 (p> .05) for reverse 
association. 

In reply to the question concerning 
the relationship between the learning 
list and the test list, three Ss said 
they saw a relationship of similars and 
opposites. The other 27 Ss did not 
report noticing the relationship. 


Discussion 


The way in which generalization is 
mediated in this design may be clarified 
by Fig. 1. The stimulus word, response 
word, and motor response are represented 
by the letters A, B, and C, respectively. 
Letters in parentheses indicate implicit 
meaning responses. In the first stage, 
the connection between A and B is 
assumed to be established in S's back- 
ground. In the second stage the stimulus 
word, A, is paired with a motor response, 
C. In the third or test stage, general- 
ization is tested to the response word, B. 

With the meaning response acting as 
a mediator, generalization may occur. in 
the following manner: In Stage 2, A 
elicits a meaning response of which the 
response word, B, isa part. The implicit 
B is then connected to C. In the test 
stage, B may elicit an implicit A as part 
of its meaning response, and this may 
facilitate the response, C. Thus either 
the B-C connection established in Stage 
2, or the implicit A elicited in the 
test stage, or both, serve to mediate 
generalization. 

Only a very small and insignificant 
difference occurred between similars and 
opposites. The hypothesis that greater 
generalization would occur. to similar 
responses must be rejected. At first 
glance these results are rather surprising. 


STAGE]  A«— —5g 


STAGE 2 A——3¢ 


TEST STAGE 


Fic. 1. Stages of mediated generalization. 


P 


m — —— 


a 


GENERALIZATION TO SIMILARS AND OPPOSITES 331 


It seems that a response which is similar 
in meaning to the stimulus word would 
be a greater part of the meaning response 
than a response which is opposite in 
meaning. If this reasoning is carried to 
its extreme, there should be no general- 
ization at all to opposites. If the oppo- 
site response is completely different in 
meaning from the stimulus, it is difficult 
to see how mediation could take place 
through the meaning response. . Deese 
(1962) has suggested an explanation that 
fits these results. He pointed out that 
opposites are adjectives, ". . . and they 
are descriptive of a common state modi- 
fied only in a kind of secondary way.” 
For example, the words hot and cold both 
describe temperature. The contrast is in 
the degree of temperature. Itis possible 
that the common dimension described by 
two opposing adjectives is the mediating 
link in the meaning response, 

The semantic relations described above 
by no means exhaust the possible bases 
for mediation. There are speech-habit 
relations and many others which are not 
semantic. Different Ss may use different 
modes and different methods may bring 
out different relationships among words. 
Carroll, Kjeldergaard, and Carton (1962) 
have found that individuals may have 
different tendencies for 
Ervin (1963) 


explicit associa 


sulting from ambi 

The low an ant correlations 
between generalization and free-associa- 
tion frequency are Probably due to the 
relatively limited range of associative 
frequency. — Also Speech habits and 


number of competitors for response may 
be factors confusing this relationship. 

In conclusion, there appears to be very 
little, if any, difference in generalization 
for similars and opposites. It is likely 
that semantic relations among words are 
augmented by other relations to provide 
the mediating link in generalization. 
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SUPPLEMENTARY REPORTS 


ACOUSTIC FACILITATION OF VISUAL DETECTION! 


WILLIAM H. WATKINS? AND CARL E. FEEHRER 


Decision Sciences Laboratory, Electronic Systems Division, Bedford, Massachusetts 


11 Os were required to judge which of 4 temporal intervals contained 
a visual signal, in an experiment involving a total of 10,900 trials. 


Under some conditions, potentially 


useful time information was con- 


veyed by accompanying sound stimulation, while it was lacking under 
others. Highest detectability of the signal was associated with an 
acoustic condition having white noise bursts coincident with each 
observation interval. Those detection scores were significantly superior 
to a "reciprocal" condition having the identical amount of acoustic 
time-specification information, Detection was poorest under con- 
tinuous noise and silence, which were not discernably different in their 
effects. Simple time cueing was inferred not to provide an adequate ex- 


planation for the results. 


An earlier forced-choice study (Watkins, 
1964) found that detectability of a light signal 
increased when a recurrent pattern of noise 
bursts was substituted for continuous noise. 
The pattern responsible for this effect con- 
sisted of bursts coincident with the times 
of possible visual signal occurrence. The 
facility used did not permit inclusion of two 
sound conditions of potential interest: silence, 
and noise continuous except for silent periods 
coincident with observation intervals. In the 
absence of data regarding performance in 
silence, no appraisal of the absolute degree 
of facilitation accompanying introduction of 
noise was possible. More importantly, it was 
not possible to determine whether the in- 
creased detectability noted under the re- 
current noise pattern was due simply to the 
Provision of more precise cues to times of 
possible signal occurrence or to intrinsic 
properties of the pattern. 

In the present experiment, interest cen- 
tered upon the adequacy of observation-time- 
cueing as a basis for explaining differences in 
performance. 

Method.—The O was required to judge 
which of four temporal observation intervals 
(OIs) contained a visual signal. He registered 
his decision by depressing one of four “vote” 
buttons, connected to a tape punch. 

The apparatus used in this experiment is 
described elsewhere (Watkins, Nickerson, 

wort 5.156 of the Air Force Elagtiontc Scal 

roi Air Force Systems Command. This research 
vas formed at the Decision Sciences Laboratory as 
was pee Project 7682, Man-Computer Information 


nart a F r reproduction is authorized to 
Processing. t tiefe United States Government, 
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& Schjelderup, 1964). The elements were an 
observer station, control equipment, and a 
set of computer programs. Auditory and 
visual displays and a special O's chair were 
contained within an anechoic chamber. The 
visual display panel was located 11 ft. in front 
of O and consisted of a transilluminated panel 
with attached time-cueing, "ready," and 
"vote" lamps. The brightness of the Panel 
was 24 footlamberts (ftl.). A PDP-1 digital 
computer was used to generate signal se- 
quences and to analyze data. 

Figure 1 shows (I) the four Ols and (II) 
one trial sequence. The significance of “C” 
and "S" segments associated with four com- 
ponent periods of each trial was as follows: 
C: The segment during which a 23 X 31 in. 
cue panel, at lower left corner of the main 
display area, bearing the letter L, was lighted. 
S: The segment during which the signal could 
have been presented—i.e., an OI. 

A signal consisted of an increase of the 
order of 495 in the brightness of a 1.3-in, 
fixation spot (circular, 25.ft]. patch) in the 
center of the display panel. It was produced 
by raising the current flow through a pro- 
jector lamp by a given amount (determined 
by signal strength needs) for 165 msec. 


of the signal in each OI. For any O, a run 
Sequence was used only once. 

Four men served as the first sample of Os; 
Seven women as the second. All were naive 
concerning the purposes of the investigation. 

After brief practice, each O in the first 
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d 
1D: <— SIGNAL IN ONLY ONE INTERVAL 


SECONDS 


Fic. 1. Standard time configuration of trials. (I: Four possible signal intervals. „II. Basic time periods. 
Between the .06- and 2.66-sec. points, there were 16 equal segments of approximately 165 msec.) 


sample performed eight sets of four runs with 
each set consisting of one run under each of 
four acoustic conditions. The duration of 
each run was + min.; a rest period followed. 
Acoustic conditions used were (Cond. 1) con- 
tinuous noise; (Cond. 2) noise continuous 
except for interruptions coincident with 
observation intervals; (Cond. 3) silence 
except for noise bursts coincident with ob- 
servation intervals; and (Cond. 4) silence. 

Since silence had proved essentially 
equivalent to continuous noise for the first 
sample (see results), Es elected to terminate 
“silent” testing at this point, in the interest 
of collecting more data under conditions of 
greater concern. Accordingly, the second 
sample was tested under Cond. 1, 2, and 3 
only. After practice, these Os accomplished 
a total of 33 sets (i.e., 99 runs) The noise 
(presented through earphones) had a fre- 
quency range of 100-6800 Cps and a sound 
Pressure level (SPL) of 70 db. overall. 
Knowledge of results was provided in the 
form of numbers of trials correct at the end 
of each run. 

Results.—For the first sample, group means 
(percentage of correct trials) were: Bursts at 
Ols: 46.6; Interruptions at Ols: 43.8; Con- 
tinuous noise: 40.6; Silence: 40.0. For each 
of the Os, Bursts at OIs was the condition 
showing highest detection rate. That condi- 
tion was significantly superior to the other 
intermittent noise condition: F (1, 3) = 13.5, 
b <.05. The data of the second sample 
yielded means of 62.3 (Bursts), 56.4 (Inter- 
ruptions), and 49.3 (Continuous noise). The 
t tests comparing these (correlated) means 


revealed that all conditions differed from the 
others significantly ($ < .01). 

Discussion.—The evidence provided by the 
first sample showed that continuous presenta- 
tion of the moderate level of noise chosen did 
not establish a state of elevated or depressed 
visual sensitivity. 

Time-cueing alone appeared inadequate as 
a mechanism to account for the superior 
detectability of visual signals found when Ols 
were accompanied by noise bursts. If bursts 
had served simply to mark the boundaries of 
Ols, thus informing O as to when he should 
watch for a signal, then the reciprocal condi- 
tion—interruptions at Ols—should have 
served as well. The latter condition was 
inferior to the bursts condition but better 
than continuous noise. Since OI-phased noise 
Presentation, even of the “interruptions” 
variety, did aid visual detection, the provision 
of increased time certainty may not be re- 
jected as a partial explanation. Additional 
relevant studies (Watkins & Feehrer, 1964) 
corroborate these conclusions. However, the 
Precise role of noise bursts in this type of task 
remains unknown, 
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ISOLATION EFFECTS WHEN PAIRED ASSOCIATES ARE 
PRESENTED SERIALLY? 


SLATER E. NEWMAN 


University of North Carolina, Raleigh 


AND 


G. ALFRED FORSYTH 


Purdue University 


This experiment studied the effect of isolating one or both terms of a 
pair on learning the pair. The pairs were presented in the same order 
on each trial, the pair with the isolated term(s) appearing near the 


middle of the list. 


Isolation led to faster learning of the pair, but did 


not affect the rate of learning the entire list. 


Erickson (1963) has reported that when 
one or both terms of an already isolated pair 
are further isolated learning of the pair is 
facilitated. Isolating both terms of the pair 
produced greater facilitation than isolating 
only the response term. . 

This experiment studied the effects of 
isolating one or both terms of a pair (which 
had not already been isolated) on learning the 
pair. The pairs in the list were presented in 
the same order on all trials. As in serial- 
learning experiments (e.g., Smith & Stearns, 
1949) the isolated term (s) appeared near the 
middle of the list, eighth in a list of 14 pairs. 

Method.—The Ss were 120 males with 
normal color vision enrolled as undergraduates 
at the University of North Carolina at 
Raleigh. None had served previously in a 
learning experiment. They were randomly 
assigned to the 12 treatments, through use of a 
balanced Latin square. 

Twenty-eight disyllables from — Noble's 
(1952) list, each with accent on the first 
syllable, were used to make up the 14-pair 
list. The mean “m” value for the stimulus 
terms was 6.70 and for the response terms 
6.67. The range of m values was 3.21-9.43 
for stimulus terms and 3.36-9.61 for response 
terms. No two stimulus terms began with the 
same letter, nor did any two response terms. 
There were four conditions of isolation— 
None (N), Stimulus Term (S), Response 
Term (R), and Both Terms (S-R). Isolation 
was produced by typing one or both terms in 
the eighth (critical) pair in red on pairing 
trials and, when the stimulus term was to be 
isolated, (i.e., in Groups S-R and S) on test 
trials as well. All other terms were typed in 
black. Three different orders of the pairs 
(X, Y, and Z) were used under each isolation 
treatment. The critical pairs and their m 
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1 Base 


values are HUNGER (6.02)-CAPTAIN (6.88), 
QUARTER (5.98)-INSECT (7.39), and ZEBRA 
(7.12)-EFFORT (5.13). 

A pairing-test procedure was used, each of 
the 15 pairing trials being followed by a test. 
A 2-sec. rate was used for both pairing and 
test trials. The interval between trials was 
4 sec. The Ss were instructed not to attend 
to the order of the pairs during training. 
They were also told that at the end of train- 
ing, they would be tested in an order different 
from any used during training. After the 
fifteenth test, Ss were given two more tests. 
Half were tested in the same order as during 
training and then in a different order (Cond. 
S); the other half were tested in the different 
order first (Cond. D). Each S was then tested 


for color vision, given a postexperimental 
interview, and dismissed. 


Results and. discussion.—The number cor- 
rect during training for the critical pair was 
determined for each S and a 4 X 3 analysis 
of variance (Isolation X List Order) applied 
to these data. Only the effect of Isolation 
was significant, F (3, 108) = 12.06, p < .001. 
Duncan's test indicated that the mean for 
each of the three isolation groups was higher 
(p « .01) than the mean for Group N. No 
other differences were significant though the 
difference between Groups S-R and R 
approached significance (.10 > p > .05). As 
in Erickson’s (1963) experiment, the S-R 
mean exceeded the R mean. The means are 
presented in Table 1. Most Ss gave the 
response for the critical item correctly (i.e., 
to its stimulus term) the first time they gave 
it; the percentage of Ss in each group was 
S-R, 90; S, 97; R, 97; and N, 77. 

To determine whether isolation affected the 
rate of learning the list, the trial on which the 
entire list was given correctly was recorded 
for each S and a Kruskal-Wallis test done 
on these data. IZ was not significant (p.05). 
An analysis of variance for the total number 
of correct responses during training also 
showed the F for Isolation not to be signifi- 
cant (p > .05). 
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TABLE 1 


Total otal | First 
Correct correct fe 

Group | N° ‘ritica (Entire | Perfect 

D | Man. 

SR | 30 | 13.5 | 1625 | so 
S 30 13.5 | 1740 7.0 
R 30 122 | 1632 8.0 
N | 30} 13 | 165.1 7.5 


^ Data for Orders X, Y, and Z have been combined 
for each treatment. 


Two types of errors were studied: (a) the 
number of times that the response term from 
the critical pair was given instead of other 
response terms from the list and (b) the num- 
ber of times that other response terms from 
the list were given in place of the response 
term for the critical pair. For each S both 
scores were divided by the total number of 
errors involving response terms from the list, 
and Kruskal-Wallis tests performed on each 
of these variables. Neither ZZ was significant 
(p > .05). 

For Ss who had the same order on Test 16 
as during training (Cond. S) the mean was 
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ON THE DIFFERENT EFFECTS OF 


13.68 on Test 15 and 13.52 on Test 16; for 
5s tested in a different order (Cond. D) the 
means were 13.67 and 13.08. For cach S the 
difference between Test 15 and Test 16 was 
determined. A f test was used to compare the 
means of these differences between Cond. 
S and D, ¢ (118) = 2.52. Though ¢ was 
significant, the small absolute difference 
between the two treatments combined with 
the high mean on Test 16 for Treatment D 
suggests that at the end of training Ss were 
responding to the stimulus term and not to 
the cue for serial position for most of the 
pairs. 

The results of this experiment indicate that 
isolating one or both terms of a pair facilitates 
learning the pair. "These results accord with 
those obtained by Erickson (1963). Neither 
rate of learning the list nor type of error were, 
however, affected by isolation. 
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RANDOM REINFORCEMENT AND 


PRESOLUTION REVERSAL ON HUMAN CONCEPT IDENTIFICATION? 


SOLON B. HOLSTEIN anp DAVID PREMACK 


University of Missouri 


Levine’s random reinforcement (RR) procedure was replicated using 6 
as well as 2 dimensions. Contrary to a suggestion by Bower and 


Trabasso, RR produced as marked 


a decrement with 6 dimensions as 


with 2. However, a backward-learning curve showed post-RR learning 
to be essentially stationary. Both the RR decrement and the station. 


arity can be handled by the Bowe 


t-Trabasso model on the assumption 


that RR increases H, the number of S’s hypotheses. 


In standard two-category concept-identi- 
fication experiments, Bower and Trabasso 
(1963) have shown that Ss whose S-R 
assignments were reversed after the occur- 
rence of every second error performed as well 


1 This research was carried out while the first author 
was on a National Aeronautical and Space Administra- 
tion predoctoral research fellowship. The research was 
aided by Grant NSF GB 1379 from the National Sci- 
ence Foundation and by Grant MH-05798 from the 
National Institutes of Health. 


as controls that were never reversed. These 
data support the cue-selection theories of 
Restle (1962) and Bower and Trabasso 
(1963), for the effect of an error in these 
theories is to return S to the state he was in 
before he began work on the problem, so 
that a change in the S-R assignment after 
an error should have no effect. 

However, Levine (1962) has shown that 
random reinforcement (RR), unlike Presolu- 
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tion reversal, does have a decremental effect, 
though it should not according to the cue- 
selection theories, for both RR and pres 
tion reversal involve changing the S-R 
assignment after S makes an error. Never- 
theless, Levine has shown that starting S out 
with no more than six RRs before shifting 
him (without signal) to a consistent S-R 
assignment has a clear decremental effect. 

Trabasso and Bower (1964) have attributed 
Levine’s outcome to his use of only one or 
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two irrelevant dimensions in contrast to the 
six which they have used. According to 
their theory, S attends selectively to cues 
from the stimulus cards and tests hypotheses 
regarding the relevance of the cucs. If S’s 
response is correct, it is supposed that he 
continues to use the same hypothesis; other- 
wise, he resamples at random from the set of 
hypotheses, and further, resamples with 
replacement so that his set of hypotheses 
remains constant in size. Bower and Tra- 
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Fic. 1. Trials to criterion as a function of number of random reinforcements with separate 


curves for ; 
showing percentage o! 


trials (lower panel). 


the two- and six-dimension groups (upper panel); and backward learnin 
success prior to the last error plotted over successive blocks of five 
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basso suggest that when Levine used only 
one or two irrelevant dimensions, his .Ss did 
not resample with replacement; rather, they 
were able to remember the hypotheses that 
were disconfirmed during the RR phase, 
The present experiment is a test of the Bower- 
Trabasso interpretation; Levine’s RR pro- 
cedure is replicated with six well as two 
irrelevant dimensions. 

Method.—The Ss were 160 University of 
Missouri students who were assigned to 16 
groups and tested in individual sessions. The 
S's task was to learn to classify cards into 
two categories, VEC and NONVEC, on the basis 
of a single relevant dimension. Number of 
dimensions (2 vs. 6), number of RRs (0, 6, 
20, 40), and two types of instructions (vague 
vs. explicit) were combined factorially to form 
a 2X4 X2 design. In the vague instruc- 
tions Ss were told only that the cards could 
be sorted into vec and NONVEC, and that E 
would tell him when his choice was “right” 
or “wrong”; Ss given the explicit instructions 
were, in addition, shown two cards that con- 
tained all values of the six dimensions, the 
two values of cach dimension were pointed 
out to S, and S was told that the problem had 
à simple solution. 

Three decks of cards were used. The 
dimensions were form (diamond vs. square), 
color (black vs. white), size (large vs. small), 
direction of a diagonal passing through the 
figure (right vs. left), parallels bordering the 
figure (horizontal vs. vertical), and back- 
ground (striped vs. nonstriped). All 64 
possible combinations of the six dimensions 
Were used to construct a deck of 90 cards in 
Which the different combinations were dis- 
tributed randomly throughout the decl: with 
the restriction that no one value of a given 
dimension Occurred more than twice in 
succession. Two different two-dimension 
decks were used to check the effect of dif- 
ferent irrelevant dimensions; color and form, 
and color and size. 

Training consisted of two phases. In the 
first and RR phase, Ss were told "right" or 
“wrong” after each choice according to a 
predetermined random schedule for either 
0, 6, 20, or 40 trials, after which, without 
signal, all Ss were consistently reinforced on 
the basis of color, i.e., black-vEc, white- 
NONVEC. The cards were shown for either 
50 trials or until S made 15 correct responses 
in a row. 

Results.—The upper panel of Fig. 1 shows 
that, contrary to the suggestion by Bower 
and Trabasso, the six-dimension case was no 
less Subject to impairment by RR than the 
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two-dimension case. The deficit in both cases 
appears to be maximal by at least 6 RR, 
which is in agreement with Levine's (1962) 
data. An analysis of variance of the trials 
to criterion showed that the main effects of 
RR and number of dimensions were both 
significant, F (3.144) — 21 | $001; F 
(1.44) = 45.85, p< 01, respectively; and 
that neither the main effect of instructions 
nor any of the interactions approached the 
5% level. Results for the color-form and 
color-size decks did not differ and were, 
therefore, combined in the anal 

The lower panel shows 
curve for the two- and s dimension groups. 
The essential stationarity prior to the last 
error was shown further in the vincentized 
data; percentage of success for the first and 
second halves of the trials prior to the last 
error was 58 and 55, respectively, for the 
two-dimension case, and 49 and 49, respec- 
tively, for the six-dimension case. 

The stationarity data support the Bower- 
Trabasso model, while the RR impairment 
in the six-dimension case appears to contra- 
dict the model. However, an interpretation 
of the effect of RR can be shown that is 
wholly in keeping with the Bower-Trabasso 
model. So far the only changes in S's 
hypotheses (H) that have been considered are 
(a) that S samples with replacement so that 
H remains constant, or (b) that S remembers 
disconfirmed hypotheses, does not sample with 
replacement, so that H decreases, But 
consider a third alternative: Error-producing 
Operations such as RR lead S to form new 
hypotheses, thus increasing the size of H. 
In terms of the cue-selection theories, an 
increase in H by RR would have exactly 
the desired effect, viz., a lowering of the 
probability of learning after RR with no 
effect upon the all-or-none character of 
learning. That error-producing operations 
may, in fact, not only increase H but also 
change the character of S's hypotheses is 
being examined in studies aimed at getting 
at the composition of H, 


a backward-learning 
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FECTS OF LIST LENGTH IN THE EBBINGHAUS 


DERIVED-LIST PARADIGM! 


ROBERT K. YOUNG, DAVID T. HAKES, asp R. YALE HICKS 


University of Texas 


Previous experiments on the derived-list (DL) serial-learning paradigm 
have left undetermined whether the paradigm yields positive or negative 
transfer. They have also used unusually long (16-item) lists. The 
present experiment investigated the Ist-order DL paradigm using 8-, 


12-, and 16-item lists. 


ignificant negative transfer was obtained for 


the 12- and 16-item conditions throughout learning. For the 8-item 
condition, early negative transfer gave way to slight positive transfer 
late in learning. Reasons for the differences as a function of list length 
were considered. It was concluded that the Ist-order DI, paradigm 


yields negative transfer. 


Hakes, James, and Young (1964) recently 
presented evidence that the derived-list (DL) 
serial-learning paradigm does not yield posi- 
tive transfer. Studying first-, second-, and 
third-order DL conditions, they found posi- 
tive transfer early in second-list learning only. 
This tended to dissipate rapidly and be re- 
placed by negative transfer which was, how- 
ever, significant only for the first-order 
condition. 

The lists used were 16 items in length. 
'The nature of the paradigm dictates the use 
of such extraordinarily long lists if DL condi- 
tions higher than the first-order are to be 
studied. The question arises, however, of 
the generality of the findings obtained using 
long lists. The present experiment was 
designed to investigate this question and to 
provide further evidence on the amount and 
direction of transfer in the DL paradigm. 

Method.—Serial lists of 8, 12, and 16 items 
were employed. For each list length, Ex- 
perimental Ss learned two lists related in a 
first-order derivation while Control Ss learned 
two unrelated lists. Two independent item 
orders of each length were constructed from 
each of two independent item sets. Two Es 
each tested half the Ss in each condition, 
yieldinga3 X 2 X2 X2 X2 factorial design. 
Ninety-six Ss served in the experiment 
(N = 2 per cell) and were randomly assigned 
to conditions. 

Lists for each list-length cnodition were 
constructed from two samples of 16 adjectives 
ing to the procedures followed by 
The testing procedures of the 
t were also followed. 
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Results and discussion,—F or the first list 
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et al., who found early positive transfer. _In 
both cases, however, the Treatment differ- 
ences are small, attaining significance because 


| of extremely small within-group variances. 


Serial-position curves for the Treatments 


CRITERION 
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CRITERION 
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Fic. 1. Mean numbers of trials to 


successive criteria during 


within each List-Length condition are pre- 
sented in Fig. 2. These indicate that the 
negative transfer for the 12- and 16-item con- 
ditions occurred primarily in the middle of the 
lists, with some tendency for positive transfer 
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Fic. 2. Mean percentages of correct responses per trial at each serial position during second-list learni 
: -list learning. 


The 8-item condition also yielded trends across lists of unequal length. It 
isfer at the ends of the list, but appears, however, that for the 12- and 16-item 
middle failed to yield marked conditions, the Experimental-Control com- 
asfer. No statistical tech nique parisons show considerably greater depression 
hich permits comparison of these of Experimental group performance than 


at the ends. 
positive trar 
items in the 
negative trar 
is available w 


cy 


SUPPLEME? 


does the same comparison for the S-item 
condition. 

Consistent with the Hakes et al. data, it 
may be concluded that the first-order DL 
paradigm yields negative transfer. Two 
interpretations of the 8-item condition’s 
failure to yield negative transfer suggest 
themselves: (a) it is possible that with short 
lists the relationship between lists is apparent 
to some Ss; or (b) the items at the ends of the 
list, which tend to yield positive transfer for 
all list lengths, comprise a greater Proportion 
of the list for the 8-item condition than for 
either of the other two. 

The present results are consistent with both 
ordinal position and sequential-association 
hypotheses of serial learning. The former 
predicts that the stimulus (position) which, 
in the first list, is associated with one response 
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is, in the second list, associated with a dif- 
ferent response, constituting an A-B, A-B jumbled 
negative transfer paradigm. The latter 
predicts that for the first list to be learned, 
the direct associations must be stronger 
than any remote associations. During second- 
list learning, these formerly correct associa- 
tions are incorrect and should be a source of 
interference. Thus the present data do not 
permit a differential test of current serial- 
learning hypotheses. Itis apparent, however, 
that under a variety of conditions the first- 
order DL paradigm yields negative transfer. 
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REINTERPRETATION OF ONE FORM OF BACKWARD AND 


FORWARD MASKING I 


N VISUAL PERCEPTION ! 


CHARLES W. ERIKSEN Ap JAMES F. COLLINS 


University of Illinois 


2 experiments were performed on the masking effect of a ring stimulus 
upon forced-choice recognition of letter forms when the ring was pre- 
sented concurrently with the form or preceding or following the form 
at delay intervals up to 250 msec. 10 Ss were employed in Experiment I 
(backward masking) and 10 in Experiment II (forward masking). 
Masking effects on recognition accuracy were obtained for delay inter- 
vals as long as 80 msec. Maximum masking occurred when ring and 
form occurred concurrently. The masking functions obtained for for- 
ward and backward masking appeared highly similar if not identical. 
An interpretation was suggested in terms of „Visual perceptual per- 
sistence where masking is due to the greater difficulty of perceiving a 
form surrounded by a black ring. Possible perceptual mechanisms for 


the persistence were considered. 


lf a briefly presented visual stimu- 
lus is followed by a second stimulation 
within a brief time interval, seldom 
longer than 100 msec., there are cir- 
cumstances under which the first 
signal will not be perceived by an S 
even though the duration of its 
exposure was long enough for per- 
ception to have occurred had the 
second stimulus not been presented. 
Alpern (1952) provided a description 
of some of these phenomena and 
Raab (1963) has contributed a more 
recent review. 

The backward masking, or as it is 
Sometimes called, “metacontrast,” has 


P * This investigation was supported by 
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tended to be treated as a single 
phenomenon, but recent evidence has 
made increasingly clear that several 
phenomena are involved with differ- 
ent explanations or underlying proc- 
esses (Eriksen & Collins, 1964; Erik- 
sen & Hoffman, 1963). Eriksen and 
Hoffman (1963) have advanced an 
explanation for certain cases of mask- 
ing in terms of a temporal lumin 
summation between the two stimulus 
fields with. a resulting reduction in 


contrast ratio for the masked figure 


The luminance-summation, contrast- 
reduction 


hypothesis has received 

strong support from several studies 

(Eriksen & Hoffman, 1963; Eriksen 

& Steffy, 1964. Steffy & Eriksen, 

1965) and most recently Thompson (in 

press) has shown that an empirically 
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determined function relating per- 
ceptual recognition of forms to con- 
trast ratios, predicts quite precisely 
the recognition accuracy for forms 
masked by a succeeding second-field 
luminance where the effective con- 
trast ratio for the form was computed, 
assuming luminance summation. 
While the luminance-summation 
hypothesis seems to explain quite 
well certain instances of backward 
masking, there are other circum- 
stances where masking is obtained 
that cannot be attributed to lumi- 
nance summation and resulting con- 
trast reduction. Kolers (1962) and 
Kolers and Rosner (1960) have re- 
ported masking effects on a disk 
stimulus followed by a second stimu- 
lus consisting of a ring under circum- 
stances where the adapting and delay 
fields were illuminated at a level that 
would have reduced luminance sum- 
mation and contrast reduction to 
minimal levels. Also Averbach and 
Coriell (1961), using quite bright 
adapting and delay fields, found 
impaired recognition for letters when 
the letter was circumscribed by a ring 
occurring later in time, Unfortu- 
nately the methodology employed 
in these studies was not very rigorous, 
The Kolers (1962) study was defective 
in the use of the duration of disk 
exposure as a dependent variable and 
along with the Kolers and Rosner 
(1960) experiment provided no con- 
trol for shift in S's criterion of report 
(Swets, Tanner, & Birdsall, 1961). 
Indeed, Kolers and Rosner (1960) 
found that the probability of masking 
at a single delay interval and identical 
stimulus conditions varied from less 
than 20 to greater than 70% depend- 
ing upon the range of delay intervals 
S was judging in that particular 
session. While the authors interpret 
this in terms of anchoring effects, 
it most likely reflects a changing 
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criterion on the part of the S cor- 
related with the range of stimuli being 
judged. If S is making judgments 
over a long range of delay intervals, 
he experiences very little masking on 
presentations involving longer delays 
and is apt to adopt a very rigorous 
criterion for reporting the presence 
of the disk. When judging over a 
Shorter range of delays, particularly 
over those intervals where masking 
is maximal, S is apt to adopt a more 
lenient criterion of disk presence 
since on none of the exposures does 
he get a very clear perception of the 
disk. The result is that any masking 
phenomenon is itself masked by a 
variable and unmeasured false-alarm 
rate, 

In the present experiments we have 
attempted to remedy past defects 
in methodology by: (a) obtaining a 
more sensitive measure of masking 
through the use of a recognition 
criterion for forms; (b) the use of a 
forced-choice psychophysical proce- 
dure with confidence ratings on judg- 
ments; (c) a constant-stimulus ex- 
posure time adjusted to each S's 
perceptual capability; and (d) ob- 
servations of the effect on perceptual 
recognition when form stimulus and 


masking ring are presented concur- 
rently, 


EXPERIMENT | 


The purpose of this experiment 
Was to map the retroactive inter- 
ference produced by a ring stimulus 
upon recognition of simple forms 
when the ring stimulus occurred con- 
currently with the form or at delay 
intervals as much as 250 msec. after 
termination of the form stimulus. 
Two groups of Ss were run. The 
Group A Ss were run first at delay 
intervals designed to map the general 
outline of the interference function. 
On the basis of data obtained from 
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Group A, Group B Ss were run at 
intervals designed to provide maxi- 
mum information in the critical 
regions of the masking or inter- 
ference function. 


Method 


Subjects.— Ten adult college students volun- 
teered to serve and were paid a fixed sum for 
the experiment. The five Ss in Group A 
contained four males and the five 5s in Group 
B one male. All Ss were trained over several 
Practice sessions that involved perceptual 
recognition but not masking phenomena. 
All had normal or corrected to normal visual 
ücuity. 

Procedure-—A — three-field | tachistoscope, 
previously described (Eriksen & Hoffman, 
1963), was used to present the stimulus 
sequences. An adaptation field with a 
luminance of .572 apparent footcandles (ftc.) 
contained a black H subtending .2° of angle 
which was used as a fixation point. Each of 
the two stimulus fields had a luminance of 
200 apparent ftc. In order to minimize 
confounding from luminance-summation, con- 
trast-reduction effects, the adaptation field 
remained on continuously and exposures of the 
two stimulus fields, F 1 and F 2, were super- 
imposed upon the adaptation-field luminance. 
Thus, at all delay intervals between the two 
stimulus fields the adaptation-field luminance 
Was present. 

The stimulus forms consisted of the capital 
letters A, T, and U, presented as black figures 
against a white ground and each subtending 
ee so d siue angle. Previous research 
BAUS ee Fa etters to be approximately 

J gnizable and equally confusable, 
one with another, in tachistoscopic presenta- 
tions. The ring stimulus was also black on a 
white ground and had an outer diameter of 
.67° and an inner diameter of .30°. The ring 
was always presented in F 2 and so located as 
to center the form occurring in F 1. 

Prior to beginning the experimental ses- 
sions each S engaged in two practice sessions 
of approximately 1 hr. each. During these 
practice sessions .5's forced-choice recognition 
function for the three stimuli was determined 
when the letters were presented without the 
Occurrence of the ring-masking stimulus. 
Instead only a blank white card was flashed 
at 0-delay interval in F 2 after presentation of 
aletter in F1. From these practice judgments 

a base-level duration of exposure was deter- 
Mined for each S that yielded approximately 
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70% forced-choice correct recognition. This 
base level was then used for this S as the 
exposure duration for the forms in F 1. The 
mean value of this base-level duration was 
44.0 msec. with a range from 27 to 57 for the 
10 Ss. The ring stimulus when it occurred 
in F 2 always had a constant exposure time 
of 100 msec. for all Ss. 

Each S served for five experimental sessions 
of approximately 40-min. duration during 
which he made 108 judgments as to which 
letter had been presented. The S was in- 
structed before each stimulus sequence to 
fixate clearly the fixation point and when it 
appeared sharply and clearly to add pressure 
to the trigger which initiated the program.? 
After each trial S reported whether A, T, 
or U had occurred along with a rating of his 
subjective confidence on a 3-point scale. The 
Ss in Group A each made 90 judgments at 
each of five delay intervals (0, 68, 100, 130, 
and 250 msec.) and 90 for the concurrent 
situation, The Ss in Group B differed only 
in that the delay intervals were: con- 
current, 0, 10, 25, 50, and 250 msec. There 
were two kinds of trials for each delay 
interval as well as for the concurrent presen- 
tation. On half the trials, randomly selected, 
the letter form was followed by the ring 
stimulus after the appropriate delay (ring- 
present condition). On the other half, only a 
blank white card in the second field was 
flashed after the appropriate delay (ring- 
absent condition). By presenting half of the 
trials without the ring stimulus, a constant 
control was maintained on recognition 
accuracy without the presence of interference 
and also a control for a possible distracting 
effect of a flicker in the second stimulus field 
was provided. On the concurrent presenta- 
tions the letter stimulus and ring were on the 
same stimulus card and were presented in F 1 
followed at 0 delay by the 100-msec. flash 
of the blank white card in F 2. The Ss made 
judgments at all delay intervals, and the con- 
current situation during each experimental 
session and the order of delay intervals 


within sessions were counterbalanced across 
sessions and across Ss, 


* We have found in past work (Erik 3 
Hoffman, 1963) that ue be unge 2 
mitting S to initiate the sequence by manipu- 
lating the switch or trigger much as a einen 
squeezes off a shot, results in very stable 
recognition functions for tachistoscopically 
presented stimuli. It succeeds in eliminatin, 
variations in accommodation which secant 


for considerabl iability i i 

able variability in tachisot i 
n v» 9: 
presentations, iure 
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Results 


The number of correct letter recog- 
nitions independent of subjective con- 
fidence level was analyzed by a three- 
way analysis of variance (ring present 
vs. absent, delay interval, and Ss).3 
Since different delay intervals were 
employed, a separate analysis was 
required for each of the.two groups. 

For both groups the effect of the 
ring-present-ring-absent conditions 
was significant beyond the .001 level 
and the effect of delay interval 
was significant beyond the .025 level. 
The interaction between ring-present- 
ring-absent and delay interval was 
also significant for both groups 
(p < .025). None of the interactions 
involving the S variable were signifi- 


3 These analyses were based on correct 
recognitions irrespective of. S’s subjective 
confidence rating. Separate analyses of the 
confidence ratings provided no new informa- 
tion over and above that obtained from the 
correct forced-choice recognitions. The Ss 
confidence in their recognitions was found to 
describe essentially the same functions. 


l between the letter form and the ring 
icate the + and — 2c range around the 


cant but there was a significant main 
effect attributable to difference in Ss 
(p < .025). This was anticipated 
due to inability to equate precisely 
all Ss at the 70% recognition point 
on base-level duration. 

In Fig. 1, percentage of correct rec- 
ognition of the forms has been plotted 
for each of the two groups as a func- 
tion of ring-present vs. absent condi- 
tions and delay interval. The data 
points for the ring-absent condition 
have been fitted by a straight line 
of 0 slope. For the ring-present or 
masking condition the data points 
of 100-msec, delay and less have been 
fitted to the shown curve by eye. 
The straight line of 0 slope fits the 
data lor the ring-absent condition 
Quite well suggesting that a flicker 


of the second stimulus field without - 


the ring at the various delay intervals 
has little or no Systematic effect upon 
recognition accuracy of the form 
Presented in F 1. The data for the 
ring-present condition show a marked 


| 
) 
| 
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masking effect when the ring stimulus 
is presented after the form at delays 
under approximately 100 msec. The 
function appears quite flat from 0 to 
50 msec. delay, indicating uniform 
masking in this range, and it is 
important to note that the masking 
effect in this delay range is essentially 
the same as presenting the form with 
the ring surrounding it concurrently 
or on the same stimulus card. 


Discussion 


The data are quite clear in showing 
pronounced retroactive masking effect 
exerted by the ring stimulus for delay 
intervals under 50 msec. and further 
that the masking effect is dissipated 
rather rapidly somewhere between 50 and 
100 msec. delay. 

The data obtained from the two groups 
of Ss are in close correspondence where 
the delay intervals were the same. 
Perhaps the most significant finding with 
respect to the masking effect is that 
maximum masking appears to occur 
when ring and form are presented con- 
currently. "This finding has major im- 
plications for the interpretation of the 
process underlying masking. In the 
past masking phenomena have been 
described in terms of erasure by the 
second stimulus of the first or displace- 
ment of the first stimulus by the second 
in perception. The finding that maxi- 
mal masking occurs in the concurrent 
presentation argues against an erasure 
or displacement hypothesis. Rather, 
it suggests an interpretation in terms of 
visual or perceptual persistence and a 
lag time in the perceptual process itself. 

The finding that perception of the 
letters A, T, or U is impaired when 
they are presented inside of a ring 
stimulus is rather easily understood. It 
suggests that the presentation of one of 
these letters in a clear white uncluttered 
field is an easier perceptual task for 
recognition than the perception of these 
letters inside of a black ring. Further, 
the finding that when the ring stimulus 
is delayed 50 msec. after termination 
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of the letter presentation, recognition 
impairment is almost as much as 
when the two stimuli occur concurrently 
suggests that the perception of the form 
had not been completed 50 msec. after 
termination of the stimulation. By the 
time perception does occur, ring and form 
appear to be present together requiring 
the perceptual task of distinguishing 
the form within thering. Inother words, 
the basis of the masking effect is that 
by the time perception occurs ring and 
stimulus, at short-delay intervals, are 
present together to form the percept. 

Before speculating upon the perceptual- 
attentional processes that may underlie 
this phenomena, we deemed it wise to 
perform another experiment checking 
upon this interpretation of the basis of 
masking; namely, the simultaneous pres- 
ence of the ring and form in the percept. 
If this interpretation of the impairment 
in perception is correct, then it would 
appear that proactive masking should 
have essentially the same results as 
retroactive masking. Presenting the 
ring stimulus prior to presenting the 
form should describe essentially the 
same masking function as when the ring 
follows the form. Either sequence 
should lead to the percept of the letter 
surrounded by the ring and thereby 
constitute a more difficult perceptual 
task for recognition. The persistence 
of the time relationships should be 
essentially the same for either forward 
or backward masking. 


EXPERIMENT II 
Method 


Subjects.—Ten young adult college students 
(three males) served as Ss. Five were 


. assigned to Group C (one male) and the 


remaining five to Group D. 
a fixed sum for their servic 
teered for the experiments, They were again 
given practice sessions on form recognition 
that did not involve masking arrangements 
All had normal or corrected to normal visual 
acuity. 
Procedure. —h 


All Ss were paid 
s and had volun- 


terials, and e procedure, stimulus ma- 

"es and apparatus were identical to those 
employed in Exp, I. The only difference 
was that under the ring-present conditions 
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in this experiment the ring preceded the letter 
forms by the various delay intervals. The 
ring stimulus again was presented for a con- 
stant duration of 100 msec. and the duration 
of the letter exposures was adjusted as before 
to the individual S's base level. _For the 10 
Ss the average base-level duration was 35 
msec. with a range of 19 to 55 msec. For the 
Ss in Group C the ring occurred concurrently 
and also preceded the form by lead times of 
0, 10, 25, 50, and 250 msec. The correspond- 
ing lead times for the 5s in Group D were 0, 
60, 70, 80, and 250 msec. 


Results 


Separate three-way analyses of 
variance (ring present vs. absent, 
delay intervals, and .Ss) were per- 
formed for the Group C and Group 
D data since some delay inter- 
vals were not shared in common by 
these groups. In both groups all 
three main effects were significant 
(p < .01) as was also the interaction 
between conditions and delay inter- 
vals (p < .001). The only significant 
interaction involving Ss was the 
Ss X Condition interaction in Group 
C. Inspection of the data revealed 
that all five Ss showed an appreciable 
masking effect at delay intervals 
under 50 msec. but two of the Ss 
showed a much more pronounced 
masking effect than did the other 
three. 

To facilitate comparison between 
Exp. I and Exp. II the data from 
this latter experiment have also been 
plotted in Fig. 1. Whereas in Exp. I 
the abscissa represents the delay in 
milliseconds by which the ring stimu- 
lus followed termination of the form, 
in interpreting the data from Exp. II 
delay interval represents the time 
between termination of the ring 
stimulus and presentation of the 
form. The dotted lines in Fig. 1 
represent the two sigma ranges bound- 
ing the designated curves. The sigma 
value is 3 and was obtained by 
averaging the error variances for the 
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four groups in the two experiments. 
Examination of the Exp. II data in 
Fig. 1 reveals that it corresponds 
quite closely with the data points 
from Exp. I. For both the ring- 
present and the ring-absent condi- 
tions, the data points for both experi- 
ments seem about equally well fitted 
by a straight line of 0 slope for the 
ring-absent condition and by the 
visually fitted curve for the ring- 
present condition. 


Discussion 


The results for both experiments are 
quite clear in demonstrating three im- 
portant points. First, both forward and 
backward masking eflects of a ring 
stimulus upon recognition of simple 
forms are found when improved indicator 
methodology is used, methodology that 
is relatively independent of effects that 
can be attributed to shifts in S’s sub- 
jective criterion for report. Second, 
forward or backward asynchronies of the 
presentation of the form and of the ring 
of approximately 50 msec. or less pro- 
duce an impairment in form recognition 
that is comparable in magnitude to 
the impairment obtained when ring and 
form are presented concurrently. And 
third, the masking effect of the ring 
appears to be symmetrical in time in that 
the forward masking effect is highly 
similar if not identical to the backward 
masking effect. 

The finding that the maximum for- 
ward or backward masking effect is 
directly comparable to the amount of 
impairment in form recognition that 
occurs when ring and form are presented 
together most strongly suggests that 
the “masking” is attributable to greater 
difficulty in recognizing a form sur- 
rounded by a black ring than when the 
form is presented alone in an uncluttered 
field. In other words an exposure dura- 
tion that yields 70% form recognition 
when the form occurs in any empty field 
is insufficient when the perceptual task 
requires recognition of the form sur- 
rounded by a circle or ring. This latter 
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is a more complex stimulus and as ample 
evidence has shown, increased exposure 
durations are required for equal recogni- 
tion accuracy of more complex stimuli 
(Hake, 1957). 

This explanation of the “masking” 
effect poses other problems.  Specif- 
ically, the question is raised as to how a 
ring stimulus that precedes or follows a 
form by intervals of 50 msec. or more 
comes to be perceived as though the two 
stimuli had been presented together or 
concurrently? 

Three possible mechanisms are sug- 
gested. The first is that the visual sys- 
tem is organized so that if a stimulus 
follovs a previous stimulus within a 
critical lag, the transmission of the second 
stimulus through the end organs and 
the visual tracts is facilitated. Thus the 
second stimulus overtakes the preceding 
stimulus and they arrive together at the 
locus or loci in the CNS where percep- 
tion occurs. We have been unable 
to locate electrophysiological recording 
studies that bear directly on this issue, 
but techniques such as those employed 
by Lindsley and Emmons (1958) are 
capable of modification to shed light 
on this possibility. 

A second possibility is that the visual- 
perceptual system is time gated. That 
is, visual perception occurs or is organized 
on the basis of chunks of sensory inputs 
of between 50 and 100 msec. in size. 
This time chunking of sensory inputs 
need not be discrete in that successive 
100 msec. of inputs are successively 
organized. Rather, the process may be 
one where visual perception is organized 
on the basis of 100 msec. of input but 
the successive chunks are greatly over- 
lapping with the preceding and following 
ones. Similar conceptions of this time- 
ordering process have been proposed by 
White and Cheatham (1959) and by 
Callaway and Alexander (1960) in terms 
of their ‘“neuronic shutter" theory. 
(Stroud [1956] has suggested a some- 
what similar idea in his quantal theory 
Of consciousness.) In addition to the 
evidence supplied by these investigators 
Other suggestions that the visual-per- 
ceptual system deals or treats stimula- 


tion in such time chunks is found in the 
Bunsen-Roscoe law that holds for dura- 
tions under 100 msec. and in the recent 
work on the temporal luminance-sum- 
mation, contrast-reduction hypothesis 
(Eriksen & Hoffman, 1963; Eriksen & 
Steffy, 1964; Thompson, in press). Also 
Ogle (1963) has shown that little im- 
pairment in depth perception occurs 
when disparity cues to the separate eyes 
are delayed by as much as 50 msec. 

A third possible explanation may be 
found in attentional processes. Recent 
research in our laboratory has suggested 
that part of the time involved in percep- 
tion can be attributed to an attentional 
focusing process.  Broadbent's (1957) 
model of the attentional system provides 
for brief storage of sensory inputs before 
being attended, and recently Eriksen and 
Johnson (1964) have shown the feasi- 
bility of such a process in auditory 
perception. Ongoing research in our 
laboratory suggests that a finite time 
period is required for the attentional 
System to focus upon a sensory input 
and that the time required for focusing 
depends upon the level of discrimination 
required. The more complex or difficult 
the discrimination the longer the time 
required to focus to the necessary level. 
While this is highly speculative, the 
possibility does exist that the effective 
simultaneity of inputs differing by 50 
msec. or more may be due to the focus 
time of the attentional process. When 
the first input or stimulation arrives, 
the attentional process begins to focus 
upon it, but due to the latency and time 
involved in the focusing process, the 
Second input or stimulation has arrived 
before focusing is completed. Thus 
when the input is attended both stimu- 
lations are effectively present together. 
_ The choice between these three pos- 
sible explanations or maybe others that 
have not been considered, cannot be 
made at the present time due to lack of 
adequate evidence, However, the re- 
sults of the Present experiments have 
moved the problem of masking to a 
new level where an explanation must be 
sought. The present data suggest quite 
clearly that the basis of masking is due 
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to the more difficult discrimination re- 
quired by the simultaneous occurrence 
of the form within a ring. The problem 
remaining now is to account for the 
mechanisms by which asynchronies of 
50 to 100 msec. are treated by this 
perceptual system as though they were 
simultaneous. ' 
Before accepting the above conclusions 
note must be taken of some apparent 
conflicts between the data of the present 
experiments and results reported by 
other investigators. Averbach and 
Coriell (1961) presented a display con- 
sisting of 16 letters in two rows of eight 
each. They report that when one of the 
letters was surrounded by a ring con- 
currently there was no impairment in the 
recognition of this particular letter. 
In fact, only slight impairment in ability 
to report the encircled letter was noted 
at 50-msec. delay of the ring but by 100- 
msec. delay, recognition of the letter 
was markedly impaired. This result 
would appear to be in marked conflict 
with that of the present study but the 
apparent contradiction can be quite 
simply resolved. While the duration 
of exposure of the stimuli in the pres- 
ent experiments was sufficient only 
for approximately 70% recognition for 
single-letter exposures, in the Averbach 
and Coriell study the display was ex- 
posed for 50 msec. at a luminance of 70 
footlamberts (ftl.), a very strong stimu- 
lation and one well above that necessary 
for 100% correct single-letter identifica- 
tion. It was not of course sufficient for 
accurate report of all 16 letters. How- 
ever, if the display contained a circle or 
ring around one of the letters when it 
occurred, the effect of the ring would be 
to direct 5's attention to that particular 
letter rather than the other 15, and since 
the duration of exposure was more than 
enough for perfect recognition of single 
letters, S could well report the letter 
even though the ring may have made it 
less legible or easily recognized than the 
other 15. The effect of the ring at 50 and 
100 msec. can be further understood in 
terms of their own data on visual per- 
sistence. With such an intense stimula- 
tion, well beyond that necessary for 
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single-letter identification, visual per- 
sistence is still quite strong at 50 msec. 
but the interference effect of the ring 
has become slightly more prominent due 
to some decay of the stimulus trace. 
By 100 msec. the decay of the original 
input has now reached such a level that 
the occurrence of the ring constitutes 
effective interference in its recognition. 
Beyond 130 msec. there is little indica- 
tion in their data that masking is occur- 
ring. There is no evidence presented to 
show that recognition performance for a 
ring presented 130 msec. or later differs 
significantly from the effect of the bar 
marker they employed in their other 
experiment that did not produce masking. 

Kolers (1962) and Kolers and Rosner 
(1960) reported an essentially U-shaped 
masking function where masking of a 
disk stimulus by a succeeding ring was 
minimal at a few milliseconds delay, 
becoming maximal at about 50 msec. 
and then disappearing in the region of 80 
msec. The data from these studies are 
extremely difficult to compare to the 
present data or to any of the explana- 
tions examined, both due to the great 
differences in stimulus and task and to 
the very poor indicator methodology. 
No attempt was made to assess S's false- 
alarm rate or to assure that he main- 
tained a given criterion not only within 
sessions but across sessions in different 
conditions. As was noted earlier the 
frequency with which the disk was 
reported masked varied over 50% for 
identical stimulus and delay conditions 
depending solely upon the range of 
delays an S was judging within a session. 
(This 5095 variation attributable to 
what the authors term anchoring effects 
is comparable in magnitude to the maxi- 
mum masking effects obtained in their 
experiment.) It appears quite likely 
that S's criterion for reporting the pres- 
ence of a disk at short delays of the mask- 
ing ring was quite different than his 
criterion for reporting the presence of a 
disk at longer delays. In the absence of 
data on false-alarm rates it is impossible 
to interpret either of these experiments 
in terms of masking phenomena. 
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COMPETING RESPONSES AND THE 
PARTIAL-REINFORCEMENT 
EFFECT! 


DONALD F. McCOY? anp MELVIN H. MARX 
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2 groups of 11 rats each were trained and extinguished in a straight 


runway. 


Group 50 was reinforced on 50% of the training trials; Group 
100 received continuous reinforcement. 


response latencies were recorded by a photoelectric system. 


Competing responses and 
The usual 


PRE was obtained and competing responses were negatively related to 


speeds. 


Weinstock's (1954) hypothesis was not supported, in that 


Group 50 showed no competing-response habituation on nonreinforced 


trials. 


One of the more influential at- 
tempts to account for the partial- 
reinforcement effect (PRE) in terms 
of competing responses has been sug- 
gested by Weinstock (1954, 1958). 
According to this notion, conditions of 
nonreinforcement during training af- 
ford the opportunity for competing 
responses to occur, and thereby to 
habituate (i.e., drop out). Compet- 
ing-response habituation is thus seen 
as the critical factor in the subsequent 
superior extinction performance of 
partially reinforced Ss. Continuously 
reinforced controls, on the other hand, 
have no comparable opportunity 
for the habituation of competing re- 
sponses in training, so that the onset 
of extinction favors rapid develop- 
ment of competing responses and 
consequently diminishing instrumen- 
tal response strength. 

The purpose of the present research 
was to provide a direct test of the 
competing-response-habituation hy- 
pothesis. Specifically, this experi- 

1 This research was supported by United 
States Public Health Service Research Grant 
MH00817 (now HD00895) from the Na- 
tional Institutes of Health and by Research 
Grant GB229 from the National Science 


oundation. . 
E 2 National Institute of 


Predoctoral Fellow. 


Mental Health 


ment replicated the earlier Weinstock 
study with the addition of (a) em- 
pirical measurement of competing 
responses in accordance with a stated 
definition, and (b) analysis of the 
relationship between the degree of 
competing-response habituation and 
subsequent resistance to extinction. 


METHOD 


Subjects—The Ss were 22 naive female 
albino rats acquired from the Holtzman 
Company, which were 90 days old at the 
beginning of the study. 

Apparatus.—The apparatus was a straight, 
enclosed Masonite runway consisting of a 
1-ft. start box, an 8-ft. stem, and a 4-ft. goal 
box. All sections of the runway were 5 in. 
high and 3 in. wide with the exception of the 
goal box, which was 5 in. high and 5 in. wide. 
A manually operated start-box door and an 
automatically controlled goal-box door sepa- 
rated adjacent runway sections. Both 
were appropriately closed during the course 
cf a trial to prevent retracing. The start box 
and stem were covered with removable 
Masonite tops. The goal box was covere 
with opaque Plexiglas, behind which were 
spaced three 6-w. bulbs, 1 ft. apart and 6 in. 
from each end. This system permitted 
diffuse goal-box illumination. Along the run- 
way stem were spaced eight photoelectric 
cells, 1 ft. apart and 6 in. from each end. The 
goal box contained an additional four photo- 
cells, also placed 1 ft. apart and 6 in. from 
each end. Interruption of each infrared bea™ 
activated 1 pen of a 20-pen Esterline-Ang'® 
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recorder, thereby permitting equally spaced 
measures of S's activity. Standard Electric 
timers were used in conjunction with the 
photocells in the following manner: Running 
time was measured from the interruption of 
the first beam in the stem to the interruption 
of the ninth beam, located 6 in. inside the 
goal box; goal time was recorded from inter- 
ruptions between the ninth and twelfth 
beams, respectively, the latter photocell being 
located 6 in. from the goal-box terminus. A 
retractable burrette protruded 1 in. into the 
end of the goal box and served as a drinking 
tube through which water reinforcement was 
delivered. The “off” beam was placed 5 in. 
from the drinking tube to prevent the develop- 
ment of discriminative goal-box performance 
on reinforced and nonreinforced trials since 
the tube was not present during the latter 
condition. 

Procedure.—Eleven Ss were randomly 
assigned to the 50% reinforcement group 
(Group 50) and the remaining 11 to a con- 
tinuous-reinforcement group (Group 100). 
Nonreinforced trials for Group 50 were 
assigned randomly and separately for each S. 
All Ss were reinforced on the first 3 training 
trials. Only 1 trial was administered on the 
first day. Three trials were then given daily 
for the next 17 days. Training was halted 
after 52 trials because both groups appeared 
to have reached asymptote. On reinforced 
trials the drinking tube was present when S 
entered the goal box and was subsequently 
available for 20 sec. On nonreinforced trials 
the tube was absent and S was delayed in the 
goal box for 20 sec. A minimum of 30 min. 
elapsed between successive trials for each S, 
during which time it was retained in the home 
cage. According to this schedule, experi- 
mental sessions were administered under 22.5— 
23.0 hr. water deprivation. 

Extinction consisted of three daily trials 
for a total of 7 days. The running order and 
intertrial interval remained the same as in 
training. During extinction the drinking tube 
was completely removed from the experiment. 
An S was withdrawn from the runway on any 
trial in which it failed to enter the goal box 
within 90 sec. after the start door opened, 
and was removed from the experiment follow- 
ing four such successive failures. 

Competing responses were scored by means 
of a plastic template placed over the Esterline- 
Angus tape. They were defined by any of the 
following criteria: (a) a pause of .5 sec. or 
more at the location of any photocell; (5) a 
Pause of .5 sec. between photocells; (c) any 
reversal of direction as shown by a reversal 
Of the photocell blip sequence. 


RESULTS 


-lequisition and extinction speeds.— 
The time measurements were con- 
verted to speeds for analytic purposes. 
An overall analysis of variance of 
running speeds (RS) in training pro- 
duced no reliable group differences, 
but Group 50’s performance was 
coincident with the trend described by 
Spence (1960); ie., it showed early 
suppression and late training facilita- 
tion relative to the Group 100 con- 
trols. With the appropriate error 
term from the main analysis, the 
late training superiority of Group 50 
proved to be significant, F (1, 20) 
= 23.10, p < .01 whereas the early 
suppression did not. As anticipated, 
the Groups X Trials interaction was 
reliable, F (16, 320) = 3.19, p < .01. 
In the goal speed (GS) measure Group 
50 ran consistently, but not reliably, 
slower than Group 100. The group 
difference fell just short of the level 
required for statistical significance, 
F (1, 20) = 4.18 (4.35 required) but 
this trend approximates that reported 
by Goodrich (1959) and by Wagner 
(1961). 

The superior speeds maintained by 
Group 50 throughout extinction are 
concurrent with the usual PRE find- 
ing. This well-sustained performance 
proved to be highly reliable in both 
RS, F (1, 20) = 29.92, p < .01, and 
GS, F (1, 20) = 32.68, p < .01. PRE 
was greater in the goal box and 
was apparently magnified by the sur- 
prisingly limited initial resistance to 
extinction displayed by Group 100. 

Competing responses.—Figures 1 
and 2 show the mean number of com- 
peting responses during training and 
extinction in the runway and goal box, 
respectively. The relative positions 
of the two groups in terms of com- 
peting-response activity can be an- 
ticipated from their respective RS and 
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GS'performances. As Vig. 1 indicates, 
Group 50 made more competing re- 
sponses in the runway during early 
training, but consistently fewer by 
Block 11. This trend corresponds 
with the early Suppression and late 
facilitation of RS demonstrated by 
this group. While the overall group 
differences for this measure were non- 
significant, the Groups x Trials inter- 
action was reliable, F (16,320) — 2.24, 
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p < .01. Figure 1 also indicates that 
the higher RS maintained by Group 
50 in extinction was coupled with 
the execution of fewer competing re- 
sponses in the runway, F(1,20) — 8.69, 
P< Of, 

Figure 2 shows a relatively greater 
number of competing responses for 
Group 50 over combined reinforced 
and nonreinforced training trials in 
the goal box. This difference was 
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Competing responses in the goal box for Group 50 on reinforced 


and nonreinforced trials. 


highly significant, F (1,20) = 41.98, 
b < .01, and is in accordance with the 
trend toward slower running in the 
goal box demonstrated by Group 50 
in training. Again, the making of sig- 
nificantly fewer competing responses 
by Group 50 in extinction, F (1, 20) 
= 7.16, b < .01, is consistent with the 
PRE finding in GS. 

Figure 3 is of special interest in that 
it compares goal-box competing re- 
sponses for Group 50 on reinforced 
and nonreinforced training trials. Al- 
though the difference between the two 
conditions was highly reliable, F (1, 20) 
— 312.35, p « .01, of greater interest 
is the fact that a disproportionate 
number of competing responses oc- 
curred on nonreinforced trials with no 
evident habituation. The failure of 
these nonfunctional (competing) goal- 
box activities to show a habituation 
effect over nonreinforced training 
trials has also recently been repor ted 
by Longstreth (1964). The rein- 
forced-trials curve reflects a habitua- 


tionlike effect, but presumably this is 
due to the increased amount of time 
spent drinking.  Finallv, it is im- 
portant to note that the differences 
found in Fig. 3 are not attributable to 
discrimination by Ss in Group 50 of 
the presence or absence of the drink- 
ing tube on reinforced and nonrein- 
forced trials, respectively. A separate 
analysis of this group's GS perform- 
ance on reinforced vs. nonreinforced 
trials yielded an F of only .13. As 
might be expected from this value, 
performance under that condit 
was virtually equivalent, indic. 
that the differences found 
not artifactual. 


ion 
ating 
in Fig. 3 are 


Discussion 


In spite of the consistency 
present trainin 


those previou 


of the 
and extinction data with 
Sy reported (e.g., Lewis, 
1960; Spence, 1960), Weinstocks habit- 
uation notion receives no support from 
our data. The finding that Group 50 
made more competing responses in the 
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goal box throughout training and yet 
showed the usual PRE is inconsistent 
with the competing-response-habituation 
notion. A further incongruency stems 
from the discovery. that competing- 
response habituation in the goal box was 
related to conditions of reinforcement 
rather than to nonreinforcement. Thus 
if resistance to extinction is assumed to 
be at all related to the habituation of 
competing responses in training, It is 
difficult to explain why Group 100, with 
twice as many reinforcements and fewer 
competing responses, was not more 
resistant to extinction. 

It is worth noting that much of the 
current dissatisfaction with competing- 
response interpretations (e.g., Marx, 
1963) stems from the problems en- 
countered in attempting to define a 
competing response. The definition 
employed here served simply as an 
initial attempt to meet this issue and 
cannot be considered complete in this 
Sense. A second point concerning com- 
peting-response definition questions the 
plausibility of including activity occur- 
ring in an empty goal box as competing 
activity since it is not at all clear what 
this behavior competes with. We there- 
fore suggest distinguishing between be- 
havior which directly interferes with an 
ongoing instrumental response and ac- 
tivity which occurs subsequent to, but 
does not directly interfere with instru- 
mental behavior, Unfortunately, the 
manner in which the present data were 
collected precluded the delineation and 
exploration of any such relationship. 


peting-response position, 

The present data are consistent with 
the mediational response hypothesis - 
Hulse and Stanley (1956) and the frus. 
tration hypothesis of Amsel (1958). 
Hulse and Stanley’s assumption that 

tially reinforced Ss learn to imale 
par mediational responses" under 
bus of nonreinforcement receives 
'on 


indirect support, but there is in the 
present experiment no direct evidence 
that the partial Ss actually were doing 
the "something else" that presumably 
preserves the instrumental response from 
extinction.  Amsel's assumption of the 
conditioning of 7; to alley stimuli in 
training is consistent with the early 
inferiority and later superiority of the 
partially reinforced Ss, as well as their 
typically superior extinction perform- 
ance, but again there is no direct evidence 
of such conditioning. 
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EFFECT OF DELAYED PUNISHMENT ON AN IMMEDIATELY 
REWARDED RESPONSE IN HUMANS! 


R. K. BANKS ann M. VOGEL-SPROTT 


University of Waterloo 


The effect of delayed punishment on the frequency of an immediately 


rewarded response was explored using 40 human Ss. 


Punishment 


delayed by 30, 60, and 120 sec. was found to be less effective than im- 
mediate punishment. The results were considered to be consistent 
with a gradient interpretation of the effect of delayed punishment. 


Solomon (1964) recently argued for 
the existence of a gradient effect of 
delayed punishment (DP) similar to 
that of delayed reward. Although the 
DP gradient may be readily deduced 
and predicted in theory, empirical 
support for this phenomenon is very 
limited and is restricted solely to 
animal behavior. The effects of DP 
have been examined for incorrect 
turns in a maze (Bevan & Dukes, 
1955; Warden & Dymond, 1931), 
avoidance behavior in a shuttle box 
(Kamin, 1959), and bar pressing 
(Azrin, 1956; Estes, 1944). 

The present study was designed to 
examine the effect of DP on human 
behavior in a situation in which a 
response receiving immediate positive 
reinforcement is subsequently pun- 
ished. While this particular paradigm 
has not been investigated at the 
animal level, it was selected because 
it appears to be a common punish- 
ment situation for humans: the re- 
sponse is made, positive reinforcement 
is achieved, and at some time after 
these events, the punishing conse- 
quences of the response occur. 


METHOD 


Subjects —lorty volunteers enrolled = 
undergraduate psychology courses at the 


1 This investigation was supported Hr p 
by a research grant from Licensed Beve ag 
Industries Inc. The writers are indebte: 
Patricia Watson for serving as E 

3 


[n 


University of Waterloo served as Ss. All 
Ss were naive about the purpose of the 
experiment. 

Apparatus.—The apparatus consisted of a 
signal generator, a three-button response 
panel, a penny-reward dispenser, and a shock 
generator with leads to finger electrodes. The 
pieces of apparatus were interconnected sc 
that one particular series of three presses on 
the buttons (e.g., 3-1-2) activated the rewarc 
dispenser and resulted in immediate delivers 
ofa penny to S. The signal generator emitte: 
a mild tone for 1 sec. and was used to signa 
the onset of each trial. Punishment wa 
administered by the shock generator whicl 
delivered a current of 2.25 ma. for .5 sec. 

Procedure.—The S was seated at a desk ii 
front of the three-button panel. He wa 
advised that the experiment involved tw 
tests of perceptual-motor skill and that h 
might at some time receive slight electri 
shocks from the electrodes placed on th 
fingers of his left hand. 

The first task required S to learn the cor 
rect sequence of three button presses ti 
receive a penny reward. He was told tha 
each time the tone sounded he could pres 
three buttons in any combination, and tha 
the correct button-pressing sequence woul: 
be followed by immediate delivery of a penny 
reward. This task was considered to b 
learned when S performed the correct respons 
sequence on five consecutive trials. A tria 
began with the tone and terminated with S’ 
third button press. . 

When S’s performance met the learning 
criterion, a series of digit-symbol substitutio:i 
tests, which actually served as a decoy task 
was presented to S. He was instructed t 
work as accurately and quickly as possible 
It was suggested by E that this task might b 
somewhat repetitive and that, if S wished t 
dissipate boredom, he might press the button 
for reward whenever the tone sounded. H 
was advised to press the buttons the first tim 
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the tone sounded just to “try it out." The 
instructions in general were designed to focus 
S's attention on the digit-symbol task and to 
give him the opportunity to cease button 
pressing. During the digit-symbol task, S 
was given 15 opportunities (signaled by the 
tone) to press the buttons. W henever the 
response was made it was immediately re- 
warded and subsequently punished by electric 
shock. A refusal to respond was counted if S 
failed to press the buttons within 30 sec. after 
the tone was presented. Thus under punish- 
ment training a trial terminated either with 
the administration of punishment or with a 
failure to respond within 30 sec. 

Four DP groups of 0 sec., 30 sec., 60 sec., 
and 120 sec. were employed. Five intertrial 
intervals of 15 sec., 45 sec., 90 sec., 150 sec., 
and 210 sec. were randomly assigned to the 
series of training and punishment trials and 
were the same for all Ss. The relatively long 
intervals (e.g., 150 and 210 sec.) were used to 
ensure that punishment in the 120-sec. DP 
group was not consistently closer to the 
onset of the next trial than to the response 
on the previous trial. The experiment was 
conducted as a series of 10 replications with 
each replication consisting of one S in each 
of the four DP groups. The Ss within a 


replication were allocated by chance to each 
DP treatment. 


RESULTS AND DISCUSSION 


The median, mean, and SD of the 
number of punished responses given 
by the four DP groups are presented 
in Table 1. Examination of Table 1 
shows that the mean and median 
number of responses increase as the 
length of DP increases. The differ- 


TABLE 1 


MEDIAN, MEAN, AND SD or RESPONSES 
DURING 15 PUNISHMENT TRIALS FOR 
DIFFERENT DELAY-OF-PUNISHMENT 


INTERVALS 
DP intervals Mdn. M sp 
0 3.0 3.9 341 
30 12.0 10.1 54 
60 14.5 10.8 54 
120 14.7 13.3 10 


M. VOGEL-SPROTT 


ence between the four DP groups was 
tested by the Kruskal-Wallis one-way 
analvsis of variance of ranks (Siegel, 
1956) which yielded an HZ (3) = 13.76 
(p < .01) indicating that delaying 
punishment has a significant effect on 
the number of responses given under 
punishment training. Individual 
Kruskal-Wallis tests indicated that 
the 30-sec., 60-sec., and 120-sec, DP 
groups each differ reliably from the 
O-sec. group (p < .02) but that they 
fail to differ reliably from each other 
(b > .30). 


The fact that the 30-, 60-, and 120-sec. 
DP groups did not differ reliably from 
each other prevents a definite answer to 
Solomon's suggestion of a gradient effect 
of DP. The data are suggestive, how- 
ever, since the differences between these 
groups, in terms of both means and 
medians, are in a direction consistent 
with a gradient interpretation. Most 
responses are observed under the 120-sec. 
delay and least under the 30-sec. delay. 
Moreover, when the distribution of Ss 
displaying the maximum of 15 responses 
is examined in these three groups, a 
gradient effect also is observed. Of the 
10 Ss in each DP group, the maximum 
Score was given by four Ss in the 30-sec. 
group, five in the 60-sec. group, and 
six in the 120-sec, group. In addition, 
ual so many Ss in these groups 

uned the maximum score raises the 
Possibility that the failure of the three 
groups to differ from each other may 
€ been due to a ceiling effect produced 
y the experimenta] procedure, If 30 or 
40 punishment trials had been employed, 
the Scores could have been more widely 
distributed. Further research employing 
more punishment trials, as well as more 
Ss per group, would provide an accept- 
able test of this suggestion. 
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EFFECTS OF CONSUMMATORY RESPONSE PUNISHMENT 


IN SPATIAL-DISCRIMINATION LEARNING 
AND RESPONSE FIXATION ! 


CHARLES H. KOSKI Axp LEONARD E. ROSS 


University of Wisconsin 


Rats shocked for consummatory activity (lapping from a drinkometer 
tube) were compared with nonshock control Ss during spatial-discrimi- 
nation learning and 4 successive reversals. Shock was individually 
“tailored” for each shock S according to a behavioral criterion. Ré- 
versals for shock Ss were alternately to water with no shock and to the 
water-shock combination. There was no effect of consummiatory- 
response punishment on original learning. Ss shocked from the be- 
ginning of training showed a “fixation” effect in reversing from shock 
while Ss shocked only after an original-learning criterion had been 


reached did not. 


Both early and late shock Ss made more errors than 


the control Ss in reversing back to the reward-shocl: combination. 


Recently Martin (1963) has re- 
viewed evidence suggesting that a 
combination of reward and punish- 
ment may have facilitating effects per 
se, in addition to any reinforcing 
effects that might be present due to 
S's escape from fear cues in the 
experimental situation. It is very 
difficult to investigate the operation 
of such nonescape facilitation factors 
in the typical selective learning- 
punishment situation since shock is 
usually administered some distance 
from the goal, a procedure which 
allows for the simultaneous action of 
escape-and-approach factors. One 
way to avoid this problem is to intro- 
duce the punishment at the goal by 
shocking the consummatory response. 
In a study in which the lapping re- 
sponse was shocked in this manner 
Martin and Ross (1964) found faster 
straight-alley running speed, as well 
as more lapping during the early part 

1 This study was supported in part by the 
Research Committee of the Graduate School 
1 funds supplied by the Wisconsin Alumni 
ud ech Foundation, and in part by funds 
Restate roni Science Foundation Grant 

Cs. The research was carried out while 
the first author was a United States Public 


Health PredoctoraljFellow. 


of extinction, on the part of shocked 
animals as compared to noshock con- 
trol Ss. It was concluded that the 
reward-shock combination did have 
some facilitating effect in the absence 
of the involvement of escape factors. 

The present study extends this 
consummatory-shock procedure to a 
T-maze situation in order to investi- 
gate the effects of this type of reward- 
punishment combination on choice 
and reversal behavior. The perform- 
ance of Ss shocked while lapping for 
water was compared with a reward- 
only control group during the ac- 
quisition and four reversals of a 
spatial problem. The variable of 
early vs. late introduction of shock 
was also investigated. Shock was 
paired with the water from the be- 
ginning of training for half of the 
shocked Ss and was introduced only 
after a learning criterion had been 
reached for the other half. 


METHOD 

Subjecis.—Th 
female rats, 
pretraining. 
Apparatus.—The apparatus consisted of 
animal-holding compartments, start section 
T maze, and associated electrical components: 


e Ss were 36 Sprague-Dawley 
88 days old at the beginning © 
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Components other than the T maze have 
been previously described (Ross, 1962). The 
T-maze stem was 201 in. long and the arms 
30 in. in length. The width of the gray stem 
and arms was 3} in. and their height 4 in. 
The T maze was covered with glass and had a 
hardware cloth bottom except for the brass- 
rod grid goal areas, which extended 123 in. 
from the ends of the arms. Retrace doors 
were located at the entrance of each arm of 
the maze and at the entrance to each goal box. 
À drinking tube mounted in a circular piece 
of Plexiglas was rotated in and out of each 
arm by a 100 oz-in., 120 rpm Hurst reversible 
motor. As the tube turned up and out, the 
Plexiglas filled the opening. W hen in the 
alley the tube orifice protruded 1 in. from 
the inset Plexiglas to a point flush with the 
end of the alley. An electronic drinkometer 
device described by Koehler and Ross (1963) 
caused contact with the tube to activate a 
lap counter, whether or not a shock voltage 
was present from drinking tube to goal-box 
floor. The tube automatically withdrew from 
the arm after 20 shock, or nonshock, laps had 
been made. A Hunter klockounter recorded 
time from the first lap contact to the twen- 
tieth contact. 

Procedure.— The Ss were placed on a 
limited water access schedule for 7 days prior 
to pretraining. Food was always available in 
the home cage. During pretraining and the 
experimental period, Ss were allowed À hr. 
access to water at the end of cach session. 

On Day 1 of pretraining Ss had 3 min. of 
unrestricted drinking in each goal box, the 
order of placement being random for each .S. 
On Day 2 each S was given four sessions of 
20 laps each, two sessions in each arm, ina 
counterbalanced order, On Day 3, four trials 
were given during which .S was started from 
its holding compartment and allowed to 
proceed to one goal area. Both alley doors 
were open, and a noncorrection procedure was 
used, but no reward or shock was present. 
Three groups of 12 Ss cach were formed on 
the basis of these initial choice trials, matched 
as closely as possible in terms of their choice 
behavior. 1 

On the following day training was started. 
On all trials during this phase, and the 
following reversal stages of the experiment, 
Ss were run with a noncorrection procedure 
and were removed from the goal box after 
20 laps, or at the end of 1 min., whichever 
came first. The Ss were given four trials per 
day for the first 2 days, and eight trials per 
day during the remainder of the study. Left 
Was correct for all Ss during original learning. 

Shock was introduced for one group, early 


shock (ES) at the beginning of training. For 
another group, late shock (LS), shock was 
introduced after a criterion of 10 consecutive 
correct choices had been reached. Control 
group Ss (C) never received shock. Initial 
shock level for both the ES and LS groups 
was initially set at 20 w. since pilot work 
indicated this level was mildly aversive in 
terms of disruption of the normally smooth 
lap rate. Shock was individually "tailored" 
for cach S, with increases being made accord- 
ing to an objective criterion of aversiveness. 
During the experiment the voltage of shock- 
group Ss was increased 5 v. for any S that 
completed four consecutive lap trials in less 
than 6 sec. per trial. Voltage was decreased 
5 v. for any S that failed to complete 20 laps 
on any trial, i.e., before 1 min. had elapsed. 

Four successive reversals of 32 trials cach 
were carried out following the 13 days of 
initial discrimination learning. On Days 
14-17 (Reversal 1) reward was switched to 
the right goal and shock turned off for all Ss. 
On Days 18-21 (Reversal 2) reward was 
switched to the left goal box and shock was 
given to ES and LS Ss for all 32 trials. The 
voltages used were the same as those received 
by each S at the end of the original dis- 
crimination learning. Reversals 3 and 4 were 
given in a manner identical to Reversals 1 and 
2, with Ss reversed to the right with water 
and no shock (Reversal 3) and then back to 
the left (Reversal 4) where the consummatory 
responses of Ss in Groups ES and LS were 
again shocked as in Reversal 2. 


RESULTS AND Discussion 


Lap rate.—Lap rate was computed 
for each S on each trial by dividing 
the number of laps by drinking time, 
and the means computed from these 
values for each phase of the experi- 
ment are shown in Table 1. The 


TABLE 1 


Lar RATE MEANS (Lars/Sxc) FOR ORIGINAL 
LEARNING AND Four Successive 
REVERSAL PERIODS 


ML ANDRE 
TUNE: H 1 2 3 4 
C 6.27 741 | 7.51 | 7.01 
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aversiveness of consummatory re- 
sponse shock during original learning 
is evident from the fact that the three 
groups differed significantly, D (2, 33) 
= 11.33, p < .005, with Group € 
significantly faster than either Group 
ES or Group LS (Duncan range tests, 
p < .05). The difference between the 
shock groups did not reach the .05 
level. . 

Analyses of variance of lap-rate 
performance for each reversal in- 
dicated that overall performance was 
similar (p > .10) among the groups 
during periods where shock was not 
present, F (2, 33) = 1.48 and .02, for 
Reversals 1 and 3, respectively. In 
contrast, overall lap-rate performance 
differed at the .001 level during re- 
versals when reward and shock were 
paired, F (2, 33) = 104.71 and 116.14 
for Reversals 2 and 4, respectively. 
Subsequent Duncan range tests 
showed that Groups ES and LS drank 
slower than Group C on reversals 
when shock was present (b < .05) and 
differed from each other at the .05 level 
only during Shock Reversal 4. 

Learning of the original problem.— 

If the consummatory-response punish- 

ment procedures of the present study 

affected learning of the original prob- 

lem, such an effect should be seen asa 

performance difference between Group 

ES and Groups LS and C in reaching 

the 10 consecutive correct-response 

criterion. The means for ES, LS, and 
C were 27.42, 25.08, and 24.17, re- 
spectively, for the trials-to-criterion 
measure and 5.42, 5.09, and 4.25 for 
the same groups in the case of errors 
to criterion. Neither analyses of 
variance (both Fs <1) nor Duncan 


nge tests revealed any significant 
rant L 


ifferences. " . 
uw ile there was thus little evidence 
ba ae shock procedure influenced 
that ‘sition of the original problem to 
sacquisit 


$ 10 correct responses, 
riterion of 
a criter 


analysis of group mean errors on posl- 
criterion trials resulted in a significant 
F at the .025 level—ES, LS, and C 
group means = 4.58, 6.83, and 2.58, 
respectively, F (2,33) = 4.94. Sub- 
sequent Duncan range tests showed 
significance at the .05 level for the 
LS — C group difference only. Ap- 
parently shock did not result in more 
errors until late in the original period, 
when shock intensity reached higher 
levels. (Mean shock voltages for 
ES and LS on Days 12 and 13 were 
26.9 and 25.0 v., respectively.) 

Overall, these results indicate that 
the consummatory-response shock 
procedures of the present study failed 
to facilitate acquisition of the prob- 
lem. If approach facilitation factors 
were operating, they were canceled by 
an opposite tendency to avoid the 
noxious shock. r 

Fixation effects.—Fixation, as evi- 
denced by increased response persist- 
ence following punishment, would 
appear in the present study as a 
greater number of errors on Reversals 
1 and 3, since errors on these reversals 
represent responses to the previously 
correct arm where reward and punish- 
ment were paired. Examination of 
Fig. 1, which presents the mean errors 
made by each group on each reversal, 
indicates such a fixation effect for 
Group ES but not for Group LS. 
Furthermore, the performance of the 
LS group appears to be similar to that 
of the C group on Reversals 1 and 3 
(away from shock) and similar to the 
ES group on Reversals 2 and 4 (back 
to the reward-shock combination). 
Statistical analyses confirmed these 
observations, Separate analyses of 
variance showed that choice per- 
formance differed among the groups 
during each reversal, F = 3.79, p<.05; 
P= 31.36, p <.005; F— 7.18, p <.005; 
and F = 20.06, p < .005 for Reversals 
1-4, respectively, df = 2,33 in each 
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shock groups reversal was to reward only on 
Reversals 1 and 3, and to paired reward and 
shock on Reversals 2 and 4. Control animals 
never received shock.) 


case. Subsequent Duncan range tests 
indicated that the ES group differed 
from the C group during all four 
reversals (p < .05) but differed from 
Group LS only during Reversals 1 


and 3, where shock was absent 
(p < .05). Group LS, on the other 
hand, performed differently from 


Group C only during Shock Reversals 
2 and 4 (p < .05). 

While each reversal was carried out 
for 32 trials, it was possible to examine 
the groups in terms of trials to a 
criterion of six consecutive correct 
responses. All Ss reached this cri- 
terion in each reversal with the 
exception of two ES Ss and one LS S, 
all in Reversal 4. The pattern of per- 
formance with this trials-to-criterion 
measure was very similar to that 
shown for errors in Fig. 1, e.g., the 
means for trials to criterion for the ES, 
LS, and C groups were 16.92, 12.50, 
and 13.33 for Reversal 1, and 14.67, 
10.50, and 9.58 for Reversal 3. Al- 
though the F for Reversal 1 did 
reach not reach the .05 level, F (2, 33) 
= 3.12, p < .10, the F on Reversal 
3 was significant, F (2,33) = 6.06, 
P < .025, and subsequent Duncan 
Tange tests showed significant ES — C 
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and ES — LS 
and p < .05, 


differences (p < .01 
respectively). 


Reversal to shock—Assuming that the 
ES differences on Reversals 1 and 3 
represent fixation effects from prior 
punishment, an effect that remains to be 
considered is the inferior performance of 
Groups ES and LS relative to Group C 
on Reversals 2 and 4. The most par- 
simonious interpretation would seem to 
be that the poorer performance reflected 
avoidance of the shock. While the 
gradual introduction of shock during the 
learning of a problem did not retard its 
acquisition (although there are slight, 
nonsignificant trends in that direction) 
reversing back to the final intensity after 
a period without shock might be ex- 
pected to result in a slower acquisition 
of the reversal problem. In this respect, 
it has been demonstrated that the sudden 
introduction of punishment is more 
noxious, with correspondingly more dis- 
ruption of behavior, than a gradual in- 
crease to the same final level (Miller, 
1960). 

If the group differences on Reversals 
2 and 4 do indeed reflect avoidance of the 
shock by the ES and LS groups, it might 
be predicted that mean trials to the first 
correct response would be quite similar 
for all groups on these reversals, i.e., the 
fact that reversal is to shock should not 
affect behavior until the first experience 
with the shock. This proved to be the 
case. Mean trials to the first reversal 
trial were practically identical for the 
shock and control groups on Reversals 
2 and 4 (2.08, 2.17, and 1.92; and 2.33, 
2.33, and 2.83 for Groups ES, LS, and C, 
respectively). 

, The results of the present study in- 
dicate the following: Consummatory- 
response shock, introduced from the 
beginning of training, does not affect the 
acquisition of a spatial discrimination in 
terms of trials or errors to criterion, but 
does lead to a greater persistence of re- 
sponse, i.e., fixation, during reversal 
training away from the previously re- 
warded and punished arm. When shock 
is introduced after learning, the fixation 
effects do not appear. Reversal back to 
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the final shock level is slower for both 
shock groups, presumably due to avoid- 
ance of the noxious shock. 

Some qualifications of the above should 
be made. It is quite possible that differ- 
ent methods or rates of increasing shock 
could facilitate or retard acquisition of 
the original problem. Also, it should be 
pointed out that the ES and LS groups 
received a different number of shock 
trials during the initial training period, 
and could have differed in some manner 
with respect to other aspects of the 
punishment variable. It would seem 
somewhat unlikely that the additional 
ES group shock trials could, by their 
extra number alone, account for the 
ES — LS differences, since the additional 
number is small in relation to the total 
number of shock trials and the ES — LS 
difference was found on Reversal 3 after 
the group's similar Reversal 2 shock 
experience. Some aspects of the con- 
summatory response (e.g., greater con- 
summatory-response variability during 
original learning) may be directly related 
to the fixation effect, but the present 
study does not allow the identification of 
such factors. 

The fixation effect shown by Group 
ES cannot be interpreted as a result of 
the added reinforcing effects of escaping 
the cues associated with shock since the 
“end” consummatory response itself was 
punished. It can be considered in terms 
of the formulation recently proposed by 
Martin (1963). Martin suggests that 
punishment, in the form of fractional 
anticipatory goal reactions (r,) and their 


CHARLES H. KOSKI AND LEONARD E. ROSS 


response-produced stimuli (sp), may act 
to (a) energize S, which could augment 
a dominant approach response, and/or 
(b) serve as a source of additional cues 
which become conditioned to the ap- 
proch response. Thus fp — Sp condition- 
ing and/or its energizing properties might 
strengthen approach tendencies and re- 
Sult in a fixation effect. While the 
present study does not identify which of 
these factors was operative, or the 
relative contribution of each if both were 
effective, it does indicate that these types 
of punishment approach factors may 
play an important role in some selective- 
learning situations, 
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SEQUENTIAL DEPENDENCIES IN CHILDREN’S 


PROBABILITY LEARNING! 


RICHARD S. BOGARTZ 
Institute of Child Behavior and Development, State Unive 


sity of Iowa 


2 experiments were conducted to investigate the applicability of a linear 
operator model to probability learning by preschool children. In Ex- 
periment I naive Ss made a motor response under an E-S controlled 
procedure. 80:20 and 50:50 frequency conditions, with test runs in- 
serted into the event sequences, resulted in positive recency in both 
groups, but sequential statistics indicated the model was not applicable. 
Tn Experiment II 16 Ss, only 4 of whom were naive, were each given a 
different random 50:50 sequence of colors to predict. Response proba- 
bilities conditionalized on the run length during the preceding trials 


again revealed positive recency. 
sequential statistics. 


Linear operator models for proba- 
bility learning (Bush & Mosteller, 
1955; Estes, 1959) generally have met 
with little success when naive Ss have 
been used. Sequential predictions 
have been disconfirmed by response 
sequences such as negative recency 
and alternation, as well as by un- 
expected response-response depend- 
encies (Anderson, 1960; Anderson & 
Whalen, 1960; Jarvik, 1951; Nicks, 
1959). Some Es have suggested that 
these sequential effects may be due to 
transfer of preexperimentally estab- 
lished verbal habits, possibly due to 
experience in gambling situations and 
the like (Estes, 1962). Support for 
this position is available in that nega- 
tive recency does tend to drop out 
over trials (Anderson, 1960; Edwards, 
1961). Also, negative recency is not 
found with extensively practiced Ss 
(Friedman, Burke, Cole, Estes, Keller, 


1 Portions of thi: research were conducted 
during the author's tenure as a National 
Institute of Mental Health Postdoctoral Re- 
search Fellow. Alvin Deibert collected the 
data in Exp. IT. The author is indebted to 
Norman H. Anderson and Charles C. Spiker 
for helpful suggestions during the writing 
of this report. 
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Alternation behavior and position 
preference found in Experiment I did not occur in Experiment II. 


2-parameter linear learning model gave very good predictions for 18 


A 


& Millward, 1963), although in this 
case Anderson (1964) has offered the 
alternative explanation that positive 
recency was being "trained in" rather 
than that verbal habits producing 
negative recency were dropping out. 

The transfer hypothesis suggests 
the relevance of studies with children, 
but although there are a number of 
child probability-learning studies (Mc- 
Cullers & Stevenson, 1960; Messick & 
Solley, 1957; Siegel & Andrews, 1962; 
Stevenson & Weir, 1959; Stevenson & 
Zigler, 1958), few have studied se- 
quential effects, and those that have 
have not yielded unambiguous results 
(Atkinson, Sommer, & Sterman, 1960; 
Brackbill, Kappy, & Starr, 1962; 
Kessen & Kessen, 1961; Ross & Levy, 
1958). Many of the latter studies 
have used older children Where trans- 
fer effects would also be expected. 


Consequently, the present study was 
DENM using preschool children 
as Ss. 


In the two experiments reported 
here, absence of negative recency was 
adopted as a minimal prerequisite for 
additional sequential analysis. Nega- 


tive recency was not obtained in 
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Exp. I; however, the model failed on 
other grounds. Inspection of the in- 
dividual data, a frequently neglected 
practice, indicated that response- 
response dependencies such as alterna- 
tion and position preferences were in 
part responsible for the observed 
discrepancies. The individual data 
obtained using a revised experimental 
procedure in Exp. II were satisfactory 
and application of a linear operator 
model vielded good results. 


METHOD 


Experiment I 


Subjects.—The Ss were 24 university pre- 
school children. Their ages ranged from 4 
Yr., 3 mo., to 5 yr., 7 mo. 

Apparatus and brocedure.—After E-S 
rapport had been established, Ss were taken 
individually to a research room and seated in 
front of a box (17.5 in. wide x 22.25 in. high 
X 14 in. deep) placed on a low table. A tube, 
centered in the face of the box 1.25 in. above 
the surface of the table, permitted delivery 
of marbles into a container at the front of the 
box. Two metal response levers (centered 
between the delivery tube and either side 
edge of the box), protruded 2.5 in. from the 
face of the box, and were also 1.25 in. above 
the table surface. A buzzer and a chime were 
mounted on the inside rear wall of the box at 
points equidistant from the two response keys. 

The Ss were instructed to Press only one 
lever as soon as the buzzer sounded, They 
were told that they would not be correct 
every time, but that they should attempt to 
obtain as many marbles as possible by press- 
ing the lever which they thought would 
release a marble, so that when they had ob- 
tained enough marbles they could cash them 
in for a previously chosen toy. 

Two Hunter timers programed the buzzer 
to sound .3 sec. every 5 sec. On each trial E 
operated a concealed switch to determine 

which response sounded the chime and re- 
leased a marble, but on all trials „relays 
prevented rewarding of either correction re- 
sponses or simultaneous depression of both 
levers. Responses and rewards were recorded 

Brush event recorder. . 
On S na 1.—The Ss were randomly assigned 
i ms uumbers to an 80:20 (Group 80) and 
in equa. (G oup 50) frequency condition. All 
a 50:50 (Gr 80 received the same random 
eim Group T T (Trials 1-30). 
80:20 sequence in B 
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Three additional 60-trial blocks constituted 
Stages 2, 3, and 4. Each was constructed by 
randomly assigning three test runs to three 
nonoverlapping and nonadjacent 8-trial blocks 
within the 60-trial block. A test run con- 
sisted of a reward for the less frequently re- 
warded response, followed by seven consecu- 
tive rewards for the other response. Rewards 
on the remaining 36 trials within cach block 
were then randomly determined so that the 
reward ratio over the 60 trials was 80:20. 

A 3X3 Latin-square design permitted 
three different orderings of the 60-trial blocks. 

The trial-sequence construction for Group 
50 was similar, except that a test run consisted 
of a reward for one response followed by four 
consecutive rewards for the other, leaving 45 
trials to be randomly determined within each 
60-trial block. 


Experiment IT 


Subjects.—Sixteen university preschool 
children served as Ss. Twelve of these served 
in Exp. I, but Exp. II, which began 5 mo. 
after Exp. I, employed a change in apparatus, 
E, and experimental TOOm. [n the interval, 
Ss served in other unrclated experiments. 

Apparatus. and Procedure,.—'The marble- 
dispensing mechanism of Exp. I was concealed 
by a 48 in. wide X 38 in. high brown Masonite 
board placed on a low table. A microswitch, 
Which served as the response manipulandum, 
was located at the bottom center of the board. 
Closing this Switch released a marble into a 
receptacle beneath the Switch. On each trial 
5 removed the marble toa separate container. 

The S was seated in front of the apparatus 
and told that he could win a toy by correctly 
guessing the color of marbles. A black and a 
white marble were presented simultaneously. 
and S was required to identify their colors, 
He was then instructed to guess the color of 
the next marble after the buzzer sounded but 
before he pressed the button. Five practice 
trials with red marbles followed. After 
practicing, S was again shown the two marbles 
and reminded that "there will only be these 
kinds of marbles,” 

The E sat behind and to the side of S and 
recorded both responses and marble out- 
comes, since each S received a different 
random 50:50 sequence of marbles. The 150 
trials were paced as in Exp. I. 


RESULTS 
Experiment I 


For half the Ss in Group 80 the more 
frequently rewarded response (A1) 
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Was pressing the right-hand lever; for 
the other half, the left. Since the fre- 
quencies of reward are equal in Group 
50, the right-hand response was 
designed as -lı for half the Ss and as 
A» for the others.? The reinforcement 
procedure is £-S controlled (Bush & 
Mosteller, 1955). Let reward mean 
release of a marble and sounding of 
the chime. Then, four reinforcing 
events, En, En, Eis and Ess, corre- 
spond to the following four conjunc- 
tions of responses and outcomes, 
respectively: 44; and reward; .1, and 
no reward; -l2 and reward; -l> and no 
reward. The Bush-Mosteller linear 
model for E-S controlled events is 
Dai = Gyipa + (1 — ayi)dy:, where 
Ay: is the limit point for Event Ej; 
and aj; is the rate of learning asso- 
ciated with Ej; It is reasonable to 
assume that the limit points in this 
experiment are 1 and 0 so that An 
= Aw = Land Ay = An = 0. It also 
seems reasonable to assume that the 
learning rate for .1; and reward is the 
same as that for -ls and reward, and 
that the learning rate under non- 
reward also does not depend on the 
response, so that ai = ai = a and 
az = aa = a’, 

A check for negative recency can 
be made by fractionating the data 
from the test runs to obtain the pro- 
portion of Ss making the 4, response 
on Test Trial N+ 1, given the 
occurrence of A, and reward on all 
previous NV test trials. Thus for 
Group 80 N ranges from 1 to 7; for 
Group 50, from 1 to 4. Negative 
recency would be indicated by a rise 
and then fall of the obtained values. 
For Group 80 the values were .78, .95, 
-93, .96, 1.00, .96, and .98 for N = 1-7, 
respectively. The values for N = 1-4 
for Group 50 were .47, .86, .83, 


* The proportion of response omissions was 


about .006. These responses were filled in 
randomly, 


.90. Thus negative recency was not 
obtained. 

A test of the applicability of the 
model has been derived which does 
not require parameter estimation (An- 
derson, 1959). Under the above 
assumptions concerning the param- 
eters, if the model holds then 


Piai/ Ili + Pins/I; = Vi, 


where 5i; is the joint probability of 
Alion Trial z, A, on Trial z — 1, and 
reward on Trial z — 1; Di» is the 
joint probability of 4, on Trial n, As 
on Trial z — 1, and reward on Trial 
n — 1; I; is the probability of reward 
following 4; i = 1,2; and V is the 
mean probability of an 4, response. 
For Group 80 the estimate of V, was 
-810 and the sequential statistic was 
1.299; for Group 50 the corresponding 
values were .440 and .622. For both 
groups the gross discrepancy between 
the two statistics indicates the in- 
applicability of the model to these 
data. Inspection of six sequential 
statistics for each .S revealed strong 
alternation behavior or position pre- 
ference for several Ss in both groups. 
These idiosyncratic response patterns 
were assumed to underlie, at least in 
part, the failure of the model and Exp. 
Il was designed in an attempt to 
decrease the likelihood of occurrence of 
such response-response dependencies. 


Experiment II 


Since color preferences may occur in 
probability learning (Nicks, 1959), it 
is appropriate to preserve information 
regarding such tendencies. Accord- 
ingly, a black Prediction is denoted by 
di anda black marble outcome by Es. 
Figure 1 is a plot of the Ay frequency 
as a function of the length of the run 
of preceding Fs or Es, with the 
number of cases at each point in- 
dicated across the top. A clear picture 
of positive recency is shown, in agree- 
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study by Craig and Meyers (1963), a 
motor response was used and alternation 
behavior was observed. When a verbal 
response was used in Exp. II, and in a 
subsequent experiment with sequences of 
colored cards, alternation behavior did 
not occur, in agreement with the results 
of Kessen and Kessen (1961). Two 
other important differences between the 
two experiments, the difference in the 
reinforcement procedure and the fact 
that most Ss in Exp. II had served in 
Exp. I, also require additional investiga- 
tion. This could begin with independent 
replication of the two experiments. 

Itis not clear yet at what age Ss begin 
to exhibit negative recency. Craig and 
Meyers (1963) found no negative recency 
with kindergarten children; however, 
many of them were exhibiting alternation 
with both 60:40 and 80:20 sequences. 
Their fourth-grade Ss show negative 
recency with 80:20 but tend to alternate 
with 60:40. Older Ss show even more 
pronounced negative recency. Subject 
to additional results from Ss in the first 
few school grades, it can be tentatively 
concluded that Ss do not exhibit negative 
recency earlier than the first grade. 
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TWO STAGES OF PAIRED-ASSOCIATE LEARNING AS A 
FUNCTION OF INTRALIST-RESPONSE 
SIMILARITY (IRS) AND RESPONSE 
MEANINGFULNESS (M): 


JOHN JUNG? 
Long Beach State College 


Separate studies show that high intralist-response similarity (IRS) aids 
the response-learnin age (Underwood, Runquist, & Schulz, 1959) and 
hinders the associativi learning stage (Horowitz, 1962) of paired-asso- 
ciate learning. Neither study examined both stages simultaneously as 
does the present study. In addition, effects of response meaningfulness 
(M) on each stage are assessed. 2 levels of each variable Were 
studied in Experiment I. Response learning was superior to associative 
learning on carly trials but only with high IRS; little difference between 
the 2 types of learning resulted with low I RS. Experiment II 
replicated only the high-M conditions of Experiment I using separate 

rather than the same groups of Ss for each type of learning. Results 
| obtained with the 2 methods were highly similar. 


Two Separate studies seeking evi- of cards each containing one of the list 


dence for the two-stage analysis of 
Paired-associate learning proposed by 
Underwood, Runquist, and Schultz 
(1959) have examined the effects of 
intralist response similarity (IRS) on 
the first or response-learning stage 
(Underwood et al., 1959) and on the 
second or associative-learning stage 
(Horowitz, 1962). Measuring Stage 1 
by a response recall test after each 
trial, Underwood et al. found as pre- 
dicted that response learning is facili- 
tated by high IRS, Noting that 
paired-associate an ticipation learning 
is generally better with low IRS, these 
Es inferred that while high IRS aids 
Stage 1, it probably impedes Stage 2. 

The Horowitz (1962) study was a 
direct test of the effects of IRS on 
associative-stage learning. After each 
study trial, S was provided with a set 


1The author wishes to thank Valerie 
Truscott for conducting Exp. I and assisting 
in preliminary data analysis. 

Portions of this paper were Presented at 
the American Psychological Association Meet- 
ings, September 1964, in Los Angeles, 

alifornia, 

? Now at York University, Toronto. 
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responses and instructed to match 
them on a formboard which contained 
all of the list stimuli. The results 
confirmed the prediction that Stage 2 
is hindered by high IRS. 

The present study combines the 
Underwood et al. (1959) and Horowitz 
(1962) studies in order to examine the 
occurrence of the two stages simul- 
taneously as well as to replicate each 
of the two studies. The examination 
of the relationship of the two stages to 
each other is of especial interest since 
it may shed evidence on which stage 
occurs first. The conventional paired- 
associate method involving anticipa- 
tion of the response to each stimulus 
as it is presented tends to suggest that 
the response-learning stage starts first 
temporally and is completed before or 
no later than the associative-learning 
stage. That 1s, under the anticipation 
procedure, It 1s possible to observe the 
completion of Stage 2 only after (or 
at the same time) Stage 1 has been 
completed. It is possible that under 
some conditions at least, associative 
learning might actually exceed re- 
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sponse learning, especially on early 
trials. The associative-matching 
method of Horowitz (1962), unlike the 
anticipation method, does not “force” 
the associative stage to be second. By 
using both the response-recall and 
associative-matching tests after each 
trial, it will be possible to examine the 
relationship between the two stages at 
successive points in learning. 

The prediction that high IRS would 
improve response recall (Underwood 
et al., 1959) was based on considera- 
tions derived from studies involving 
words, e.g., the clustering effect in 
recall found by Bousfield and Cohen 
(1955). Similarity in those experi- 
ments is one of meaningful similarity 
among the words; however, if the 
responses are nonsense syllables, simi- 
larity is of a formal nature defined by 
the extent to which the items within 
the list employ similar letters, The 
present study, unlike that of Under- 
wood et al. (1959), utilizes nonsense- 
syllable responses and it is possible 
that the mechanisms which affect 
response recall with meaningful IRS 
may be absent, minimized, or different 
under formal IRS. While this differ- 
ence may be important and should 
possibly be eliminated, one advan tage 
accruing to the use of poorly inte- 
grated units such as nonsense-syllable 
responses is that they allow more 
response learning to occur during the 
experiment than would well-integrated 
units such as words, 

The effects of a second variable, re- 
sponse M, on the two Stages will also 
be examined. Response M has been 
firmly established as a powerful vari- 
able on the response-learning Stage 
but no experimental evidence regard- 
ing its effects on the associative. 

learning stage was presented in the 
monograph by Underwood and Schulz 
(1960) which assessed the effects of M 
in verbal learning. The present study 
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provides evidence of the effects of 
response M not only on Stage 1 by ihe 
response-recall tests but also allows 
examination of its effects on Stage 2 
with the associative-matching tests. 
Underwood and Schulz (1960) hy- 
pothesized that associative proba- 
bility may be a mechanism by which 
M could affect the associative stage. 
Associations from both the stimulus 
and response elements of a pair make 
possible the associative learning of 
that pair. If this process is tenable, 
the higher the response M (stimulus 
M as well), the faster the completion 
of the associative stage, per se, 


EXPERIMENT | 
Method 


Subjects.—Sixty volunteers from intro- 
ductory Psychology at Long Beach State 
College were assigned in an abcd order to the 
four conditions. None of the Ss had served 
in any previous verbal-learning experiment. 

Design —¥ our conditions were obtained by 
combining two levels of the two independent 
variables, IRS and response M. One group 
of 15 Ss served in each of the conditions, High 
IRS-High M; High IRS-Low M; Low IRS- 
High M; Low IRS-Low M. 

Materials.—Four lists of eight pairs of digit 
stimuli (1-8) and nonsense-syllable responses 
from Underwood and Richardson (1956) were 
used. The lists varied in formal IRS (high 
and low) and response M (high and low). 
These lists and details of these compositions 
are not repeated here (see Underwood & 
Richardson, 1956). While lower in M than 
the adjective responses of Underwood et al. 
(1959), these pronunciable CVC units prob- 
ably are higher in M than the CCC trigram 
responses used by Horowitz (1962). 

Procedure.—An S was instructed to study 
the digit-nonsense Syllable pairs on each of 
the eight cards which would be presented. 
No anticipation learning was required al- 
though the stimulus was first presented alone 
for 2 sec., then the stimulus-response pairing 
was shown for 2 sec, before proceeding to the 
Dext paired associate, The order of the pairs 
varied from trial to trial, 

After the complete list had been presented 
on each trial, S was presented with a slip of 
Paper and given a maximum of 45 sec. in 
Which to write down as many responses as hc 
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could recall. If he finished within 45 sec., the 
test was ended for that trial in order to 
minimize rehearsal. Then, eight cards con- 
taining only the list stimuli were arranged in 
a column on a table in front of S. The serial 
order varied from trial to trial. A deck of 
eight cards containing only the list responses 
in a shuffled order was given to S who had a 
maximum of 45 sec. to match these responses 
with the correct stimuli. He was cautioned 
against blind guessing and not required to 
match all eight cards if he lacked confidence 
in any of the judgments. As soon as S 
finished or 45 sec. had elapsed (this amount 
of time proved adequate for all Ss), E 
recorded his matchings while S performed a 
digit-cancellation task. Approximately 30 
sec. later the next study trial was given fol- 
lowed by the two tests. This procedure con- 
tinued for five alternate study and test trials. 


Results and Discussion 


The mean number of correctly 
recalled responses and correct match- 
ings for each trial is presented in Fig. 1 
and 2 for the four conditions. 

The effects of IRS and response M 
on the two stages were analyzed by 
two different methods. The first 
analysis which follows below involves 
an examination of the effects of the 
two independent variables on each 
response measure separately, This 
analysis provides a direct comparison 
with Underwood et al. (1959) for 


Stage 1 and Horowitz (1962) for 
8 High Similarity 
Conditions 
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FIG. 1. Mean number of correct responses 


recalled and matched on Trials 1-5 for High- 
RS conditions of Exp. I. 
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FrG.2. Mean number of correct responses 
recalled and matched on Trials 1-5 for Low- 
IRS conditions of Exp. I. 


Stage 2 in regard to IRS. It also 
permits assessment of the effects of 
response M on each stage considered 
alone. 

Response-learning stage—A 2 X 2 
analysis of variance was performed on 
the response-recall scores on Trials 
1-5 for the four conditions. IRS was 
not a significant variable (F < 1.0). 
The mean number of responses re- 
called for high IRS (24.9) was slightly 
less than that for low IRS (25.2) 
rather than greater. Thus the finding 
of Underwood et al. (1959) that high 
meaningful IRS leads to higher re- 
sponse recall is not confirmed with 
high formal IRS. This is not sur- 
prising since IRS is defined quite 
differently ‘with words and nonsense 
syllables. 

Response M, on the other hand, 
had a significant influence on response 
recall. A mean of 29.8 responses was 
obtained under high M and of 20.3 
with low M on Trials 1-5. This 
difference gave a significant F (1, 56) 
= 33.30, b<.01. These findings 
agree with those of Underwood and 
Schulz (1960) concerning the effects 
of response M on Stage 1. The M 
x TRS interaction F (1, 56) < 1.0 was 
not significant, 

A ssociative-learning stage-—A 2 X 2 
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least no later than associative learning 
for paired-associate tasks in general. 
Some evidence relevant to this con- 
clusion is available from an analysis of 
the interdependence of the two stages 
in the present study. A determination 
was made of the frequencies of each of 
the following joint outcomes on the 
two tests used on each trial: Correct 
Recall Only, Correct Matching Only, 
Correct Recall and Matching. The 
proportion of the total number of cor- 
rect items contained in each of these 
categories on each trial is presented in 
Table 1 for each of the four conditions. 
An examination of the proportion 
correct on both recall and matching on 
Trial 1 shows that only from .18 to .54 
of the total items correct, depending 
on the IRS-M condition, were correct 
on both tests. Thus, the majority of 
the items correct on Trial 1 were 
either correct on recall only or match- 
ing only, the combined proportions 
ranging from .82 to .46. This suggests 
that on Trial 1 the two stages may be 
independent processes; an item may 
be correctly recalled but not neces- 
sarily matched and vice versa. 
However, by Trial 5 the proportions 
correct on both recall and matching 
increase to between .67 and .88, re- 
flecting the fact that learning has 
occurred. The proportions of the 
combined correct on recall only and 
matching only items is reduced to 
between .33 and .12; thus, the two 
stages are highly interdependent proc- 
esses late in learning. The extent of 
this relationship depends on the par- 
ticular IRS-M condition, as was the 
case on Trial 1 when the stages were 
relatively independent processes, 
Although the preceding analysis 
lends support to a view that degree of 
training and the stimulus conditions 
determine the level of interdependence 
of the two stages, it does not suggest 
which stage occurs first under those 
conditions in which the stages appear 
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to be independent processes. A com- 
parison of the proportions of items 
correct on recall only with those cor- 
rect on matching only is related to 
this question. If these two propor- 
tions are equal this would suggest that 
the two stages develop at the same 
rate; however, to the extent that the 
Proportion of one category exceeds 
that of the other, the stage repre- 
sented by the larger proportion may 
be said to occur first or at least ata 
faster rate. 

Under High-IRS conditions, the 
Proportion of correct recall only 
exceeds that of correct matching only 
especially on Trial 1 (High M, .50 vs. 
-17; Low M, .47 vs. .23). As training 
continues, however, the proportions 
approach equality. For the Low-IRS 
conditions on Trial 1 as well as on 
later trials, the proportions of correct 
recall only and correct matching only 
are about equal and in a few instances 
matching slightly exceeds recall (High 
M, .19 vs. .26; Low M, .41 vs. .41). 
Thus, it appears that IRS level affects 
the relative rates of development of 
the two stages on early trials, With 
high IRS, Stage 1 seems to develop 
faster than Stage 2; furthermore, the 
superiority of Stage 1 exists at both 
levels of M. On the other hand, with 
low IRS, the rate of development of 
the two stages is essentially equal for 
both levels of M with Stage 2 actually 
surpassing Stage 1 on some trials. 
Thus, the analyses based on individual 
item outcomes agree highly with those 
based on the lists as a whole; both 
Suggest that Stage 1 develops more 
rapidly than Stage 2 under high IRS 
but that with low IRS the two stages 
develop at equal rates. 


ExPERIMENT II 


It may be objected that the exact 
ationship of the two stages to each 
other may be distorted by the proce- 

ure employed in Exp. I which re- 
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quired each S to undergo both types 
of tests after each trial. For example, 
some response learning certainly may 
occur during the associative-matching 
test which will serve to inflate the 
response-recall test score of the next 
trial. Similarly, the execution of the 
response-recall test may affect S's 
performance on the associative-match- 
ing test which follows it. A purer 
experiment utilizing separate groups 
for each type of test as well as separate 
groups after different amountsof train- 
ing for the four stimulus conditions 
would have required 40 experimental 
conditions. This more precise design 
was avoided not merely because it 
was infeasible but for the reason that 
the goal of the study was to examine 
the general, not the exact, relationship 
of the two Stages. Thus, although the 
dual testing employed in Exp. I might 
distort the relationship between the 
Stages, it was still possible to deter- 
mine how the various combinations of 
IRS-M affected the relationship be- 
tween the two stages. Furthermore, 
Since one goal was to study the inter- 
relationship of the two stages within 
an individual S, it was mandatory to 
administer both tests to each S. 

h However, to meet the possible ob- 
Jection to the dual testing of each S, 
à second experiment was performed in 
which only one type of test was given 
to each S. However, Ss were still 
tested after each of the five trials 
given. Repeated testing of S after 
each of several trials on only one type 
of test does not seem to be as serious 
a problem as that of testing an S on 
both types of tests. A replication was 
made only of the High-M conditions 
using separate groups of Ss for recall 
and matching tests. 


Method 
Subjects.—Each of the four conditions con- 


tained 20 volunteers from introductory psy- 
chology classes, 


Design.—Half the Ss received the Low- 
and half received the High-IRS list (only the 
High-M lists were used in Exp. II). At each 
IRS level, half the Ss were required to free 
recall the responses and the other half were 
required to match the stimuli and responses 
of the list which were provided to them on 
test sheets. 

Materials.—The High- and Low-IRS lists 
of high M from Exp. I were placed on acetate 
slides by using commercially produced cutout 
letters. 

Procedure.—All Ss were instructed that a 
list of eight number-trigram pairs would be 
projected on the screen. Prior to the first 
trial, each condition received explicit in- 
struction as to the nature of their task. Re- 
sponse-recall groups were instructed to learn 
only the trigrams and not the number-trigram 
pairings. Associative-matching groups were 
instructed to learn the specific number- 
trigram pairings presented. Insofar as Ss in 
the present experiment had to attend only 
to one rather than both types of tasks, the 
performance on the two tests may differ from 
that obtained in Exp. I where Ss were given 
both tests and thus could not ignore one task 
while concentrating exclusively on the re- 
maining task. 

Response-recall condition Ss were provided 
with five slips of blank paper, one for each 
test trial, on which to record their responses; 
matching-condition Ss received five test 
sheets on which the list stimuli were re- 
produced along the left-hand margin and the 
list responses were presented in a row along 
the top. Different orders of the items were 
used on each of the five test sheets and nonc 
of the stimuli and responses of an actual list 
pair were positioned on any test sheet in the 
same ordinal position. 

The order in which the list was presented 
was different for each of the five study trials. 
Rate of presentation was about 2 sec. per 
item. The test trial of 45 sec. for either type 
of test served as the intertrial interval, A 
total of five alternate study and test trials 
Was given under all conditions, 

The administration of each of the four 
sno a Vea no separate group 
tion were tested "o E eoe iui given. condi 
à given Debe cun rders of presentation for 
given list were varied for the two sessions. 


Results and Discussion 


The mean number correct for recall 
and matching under low and high IRS 
on each of the five trials is presented 
in Fig. 3. In order to compare the 
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Fic. 3. Mean number of correct responses 
recalled and matched on Trials 1-5 for High- 
and Low-IRS conditions of Exp. II. 


single and double methods of testing, 
these results should be directly com- 
pared with the two uppermost curves 
(recall and matching) of Fig. 1 (high 
IRS) and of Fig. 2 (low IRS). There 
is high agreement between the results 
of Exp. I and II although they util- 
ize different testing methods. Both 
studies show higher performance with 
low than with high IRS for both types 
of tests. For response recall, however, 
the effects of IRS were not significant 
in either study ; Exp. II, ¢ (38) = 1.52, 
P> 10. It will be recalled that 
Underwood et al, (1959) obtained 
significantly higher recall with high 
IRS but they used words as responses, 
Associative-matching results in both 
Exp. I and II agree with Horowitz' 
(1962) finding that performance is 
higher with low IRS. This difference 
was significant only in Exp, II; 
t (38) = 1.88, p < .0s. 
The relationship between the two 
stages for a given IRS level is also 
quite similar in both experiments, in 
spite of the fact that measures of the 
stages come from the same Sin Exp. | 
but from different Ss in Exp. ll. In 
the Low IRS condition, both experi- 
ments show little difference between 


recall and matching performance; 
Exp. II, /(38) = .60. Under high 
IRS in Exp. I, recall was consistently 
higher than matching on early trials 
but by Trial 5 performance on the two 
tests was equal. The results of Exp. 
II on early trials agree with those just 
described from Exp. I but on later 
trials matching not only equaled but 
surpassed recall. Although the overall 
difference between recall and match- 
ing scores for high IRS in Exp. II was 
not significant, F (1, 38) « 1.0, the 
interaction between Type of Test and 
Trials was significant with F (4, 152) 
= 6.01, p < .01. Thus, both experi- 
ments show recall to exceed matching 
with high IRS on early trials; neither 
study shows differences at any point 
between the two Stages under low 
IRS. This basic relationship is ob- 
tained although the methods of as- 
sessing the two Stages, as well as other 
experimental procedures, differed in 
the two studies. 
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EFFECT OF PERCEPTUAL PRETRAINING ON REVERSAL 
AND NONREVERSAL SHIFTS? 


LOUISE SHERLOCK TIGHE? 


Cornell University 


Experimental Ss (1st-grade children 


) received in succession (a) non- 


reinforced pretraining in making same-different judgments to stimuli 


varying in height and brightness, 


(b) a reinforced-discrimination task 


in which stimuli varied simultaneously in height and brightness, and 
(c) either a reversal shift of the initial discrimination (3 Ss) or a non- 


reversal shift (4 Ss). 


Control Ss received the same discrimination task 


and shifts but preceded by a picture-completion and a picture-arrange- 
ment test. Ss in the experimental-reversal group required significantly 
fewer trials to reach criterion than Ss in the experimental-nonreversal 


and control-reversal groups. 
versal groups did not differ. 


The control-reversal and control-nonre- 
The results are interpreted within a 


differentiation theory of discrimination learning. 


. Adult humans find a reversal shift 
(RS), which requires response to a 
Previously relevant dimension, easier 
than a nonreversal shift (NRS), 
Which requires response to a previ- 


ously irrelevant dimension (e.g., 
Buss, 1953; Harrow & Friedman, 
1958). On the other hand, rats 
(Kelleher, 1956), chickens (Brook- 


shire, Warren, & Ball, 1961), and 
rhesus monkeys (Tighe, 1964) have 
been found to execute an NRS more 
rapidly than an RS. Studies at the 
human level indicate a relation. be- 
tween age and manner of shift, 
IXendler, Kendler, and Wells (1960) 
showed that nursery-school children, 
unlike adults, found an NRS easier 
than an RS. Kendler and Kendler 


! This paper is based on a dissertation sub- 
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bers of her special committee, J. J. Gibson, 
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She is also grateful to John Maguire, Super- 
intendant of Schools, North Providence, 
Rhode Island, and to the principals and 
teachers in this school system [for their 
generous cooperation. 
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(1959) found no difference at the 
kindergarten level in the relative ease 
of learning RS and NRS. Using a 
technique which allows S to respond 
in either a reversal or a nonreversal 
manner,  Kendler, Kendler, and 
Learnard (1962) found that the 
percentage of children who responded 
in a reversal manner increased gradu- 
ally from 37.5% at age 3 to 62.5% 
at age 10. 

Thus, the data show that infra- 
human organisms and children below 
the age of 5 or 6 execute an NRS 
more rapidly than an RS. The rela- 
tive ease of the two types of shift 
is approximately equal for children 
5-7 yr. old. After age 6 the relative 
ease of and/or preference for RS 
increases with age, 

The present experiment seeks to 
assess the role in shift behavior of 
previous experience With the dimen- 
sions of the discrimination task, and 
it derives from a differentiation theory 
of discrimination learning. Present 
accounts of the comparative data 
on shift behavior deduce relative ease 
of RS from the assumption that 
mediating responses have been devel- 
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oped which serve to bring choice 
behavior in a discrimination task 
more firmly under the control of the 
stimulus dimensions (Zeaman & 
House, 1963) or of response-produced 
stimulation specific to the dimensions 
(Kendler & Kendler, 1962) rather 
than under the control of the specific 
stimulus values. Since the relevant 
dimension of a discrimination remains 
relevant in an RS but becomes ir- 
relevant in an NRS such dimension- 
specific mediating responses should 
facilitate the learning of the former 
type of shift but interfere with the 
learning of the latter. An application 
of differentiation theory (Gibson, 
1963; Gibson & Gibson, 1955) to 
this problem, however, suggests that 
increased sensitivity to stimulus vari- 
ables themselves may play an im- 
portant role in promoting the dimen- 
sional control of discriminative re- 
sponse which is assumed to be neces- 
sary for rapid reversal. According 
to this viewpoint, organisms may be 
expected to differ both individually 
and developmentally in their ability 
to detect stimulus dimensions and to 
independently utilize such invariant 
properties of stimulation to specify 
differences among objects. Such dif- 
ferences are assumed to stem, in turn, 
from differences in the organism's 
opportunities, learning ability, and 
perceptual experience, Thus, a con- 
dition which increases the likelihood 
that S will isolate and utilize the 
stimulus dimensions within a dis- 
crimination task may increase the 
ease of RS relative to NRS, This 
relation was tested in the present 
experiment by giving Š- and 6-yr.- 
old children nonreinforced pretraining 
designed to emphasize the independ- 
ence and the dimensional nature of 
the properties of stimuli used in 
discrimination shifts. 

subsequent 


METHOD 
Subjects 


The Ss were first-grade children from 67 to 
84 mo. in age. Eighty-four Ss were placed in 
the experimental (E) group and 104 in the 
control (C) group. Each S was run indi- 
vidually. Three Ss, two in the E and one in 
the C group, failed to complete the experiment 
in one session and so were replaced. 


Procedure and Apparatus 


Pretraining stimuli and apparatus.—The 
stimuli were cylindrical aluminum tumblers 
which varied in height (Ht) and brightness 
(Br). They were hollow and open at one end. 
Brightness was varied by covering the tum- 
blers with enamel paint. Each tumbler was 
9 in. tall and 23 in. in diameter, but the ap- 
paratus used was so constructed that E could 
vary the Ht of the tumbler visible to S. 
The apparatus was constructed around a 32- 
in. high table with a 9 X 28 in. top. A28X35 
in. piece of plywood attached at a right angle 
to the front of the table shielded the table 
and motions of E from S's view. A sliding 
door in the top center of the shield could be 
opened to reveal a three-walled compartment 
8 in. deep with walls 8 in. wide X 16 in. high. 
The rear wall of the compartment was a 
Sliding door which could be manipulated by 
E from behind the apparatus, A metal rod 
projected up through the center of a circular 
opening 2$ in. in diameter in the center of the 
compartment floor. When the stimuli were 
inverted and placed on the rod, they extended 
through the hole and below the floor of the 
compartment. By manipulating a set screw 
beneath the floor of the compartment E could 
raise or lower the rod, thus changing the Ht 
of the tumbler visible to S. The sliding doors 
enabled discrete presentation of the stimuli. 

E group pretraining—In order to make 
clear to S the meaning of the instructions 
he was given in pretraining he was first given 
about 5 min. practice in making corrected 
same-different judgments on cookie cutters 
varying in shape and hue. Pretraining proper 
was then begun in which S was presented with 
a standard (St) tumbler of a given Ht and Br 
and was then required to render a same- 
different judgment on a series of successively 
and randomly presented comparison (Co) 
tumblers, one of these judgments were 
reinforced or Corrected and all were based 
solely on vision, The instructions were as 
follows. An St was presented and E said, 

Now let's pretend that this object is yours. 
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Look at it carefully. I am going to show you 
some other objects one at a time. You tell 
me which of the other objects that you will see 
are exactly like yours." The St was then 
removed, a Co stimulus presented and E 
said, "Is this object exactly like yours?" 
Then that stimulus was removed, a new Co 
stimulus presented, and the question was 
repeated. This procedure was followed for all 
of the Co stimuli. When an St was presented 
again to begin a new series the first sentence 
of the instructions was changed to, "Here is 
your object again." When a new St was 
introduced the first sentence of the instruc- 
tions was, "Now let's pretend that this object 
and only this one is yours." 

In the first stage of pretraining, which 
lasted about 5 min., 5 made judgments to 
stimuli which were easily discriminated as 
compared to those used in the second stage, 
and the Co stimuli varied only in Ht or in Br. 
Each S received only one of the following four 
Sts: a black (B) tumbler 4} in. high, a B 
tumbler 6}in. high, a white (W) tumbler 43 
in, high, a W tumbler 6} in. high. The Co 
stimuli were selected from tumblers of the 
following Ht and Br values: 3} in., 43 in., 
6i in., 84 in., B, dark gray (DG—2 parts B 
to 1 part W), light gray (LG—1 part B to 50 
parts W), W. Each S was given a series of 
Br variations and of Ht variations of the St 
with a maximum of four presentations of each 
type of series. Training in the first stage was 
terminated before this point if S made one 
errorless series of judgments of both Ht and 
Br differences. 

The second stage of pretraining differed 
from the first in that the Co stimuli varied 
simultaneously on the two dimensions and 
the Co stimuli consisted of tumblers with the 
following values of Ht and Br: 4 in., 42 in. 
6i in., 7 in., B, DG (1 part W to 6.5 parts B), 
LG (1 part B to 124 parts W), W. Each St 
was followed by a series of 16 Co stimuli 
which represented all possible combinations 
of these values. Each S made two series of 
judgments with each of the four Sts. The 
possible 24 orders of the four Sts were ran- 
domly distributed among Ss within the restric- 
tion that for } the Ss the last St presented 
would be identical to one of the positive 
stimuli in the later discrimination and for the 
other 3 the last St would be identical to one 
of the negative stimuli. In order to maintain 
S's interest the St was re-presented in the 
middle of each series, and the number of 
Stimuli which were identical to the St varied 
Írom one to three on any one series. The 
entire pretraining took about 30 min. 


C group tasks.—The purpose of these tasks 
was to equate E and C Ss in total exposure to 
E and other aspects of the experimental 
situation. The tasks were modifications of 
the Picture Completion and Picture Arrange- 
ment subtests of the Wechsler Intelligence 
Scale for Children. The modifications con- 
sisted of (a) presenting all 20 pictures in the 
completion test to each S and (ò) requiring 
each 5 to tell a story about each picture in the 
arrangement test. None of S's responses in 
either task were reinforced or corrected. 

Discrimination task.—Discrimination train- 
ing was begun for E and C Ss immediately 
following the end of pretraining and the 
control tasks, respectively. All Ss learned an 
initial discrimination and a shift of that 
discrimination. The specific procedure, stim- 
uli, and apparatus were identical for both 
groups and replicated the conditions of 
Kendler and Kendler (1959). 

The stimuli were four tumblers which were 
identical to the Sts used in pretraining, and 
the stimuli presented in the initial discrimina- 
tion on any one trial consisted of one of the 
following two pairs: (a) the tall (T) white 
(W) tumbler vs. the short (S) black (B) 
tumbler, or (b) the TB tumbler vs. the SW 
tumbler. The S was instructed to pick up one 
of the tumblers on each trial and was told 
that if his choice were correct he would find 
a marble under it. The S was told that the 
"game" was to see how soon he could find a 
marble every time he chose. One half of the 
E and C Ss were given an Ht discrimination 
with S as the positive stimulus and the other 
3 were given a Br discrimination with B as 
the positive stimulus. When S made 9 
correct out of 10 successive responses, the 
discrimination shift was presented immedi- 
ately and continued to the same criterion 
with no change of instructions or interruption 
of procedure. Each of the E and C groups was 
divided equally into a reversal and a non- 
reversal group. That is, half of the E and C 
Ss who had either S or B as the positive 
stimulus in the initial task now had T and W, 
respectively, as the positive stimulus (RS) 
The other half of the E and C Ss who had 

ither S or B as the iti i : 
initial task now had Eu bee 10 fhe 
as die releas di r and Ht, respectively, 
NRS equal Be eR pc (NRS). In the 
utei s of Ss had B, W, S, and T 
cbe ie du The same tumblers 
stimuli dur An tas continued to be used as 
acted ith B e shifts but were now pre- 
te irrelevant dimension held 
constant to minimize possible partial-rein- 
forcement effects for Ss undergoing NRSs, 
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Throughout the training the stimuli were 
presented according toa prearranged irregular 
sequence and each S was assigned to groups 
and positive stimuli on a predetermined 
random basis. At the end of the experiment 
S was allowed to choose a prize from an 
assortment which included charms, bubble 
gum, whistles, Hershey bars, peanuts, and 
raisins. 

Word-association test—As a check on 
whether pretraining altered the probability 
that the E group would employ relevant verbal 
labels, 50 E and 50 C Ss were given a word- 
association test at the end of the discrimina- 
tion shifts. The following words were pre- 
sented in a random order: BLACK, WHITE, 
TALL, SHORT, NIGHT, TREE, SLEEP, BOY. 
Each S was asked to say the first word which 
came to mind when he heard the stimulus 
word. 


RESULTS 

An analysis of variance for repeated 
measurements showed that pretrain- 
ing produced an equivalent effect on 
Ss who were later placed in the 
reversal (ER) and in the nonreversal 
(ENR) groups (F < 1). Table 1 
shows the errors in pretraining for 
these Ss. In both groups there was 
a reduction in the total number of 
errors on the second of the two series 
of judgments which were made to 
each of the four successively presented 
Sts. The probability of these eight 
comparisons being in the same direc- 
tion by chance is .004. Seventy-four 
percent of the errors in all Series | 
judgments were made to Co stimuli 
which were identical to the St in one 
dimension and differed by one or 
more steps on the second dimension. 


Seventy-two percent of the errors 
reduced from all Series Is to all 
Series IIs were also concerned with 
this type of response. 

Although both trials and errors 
were recorded in both original learn- 
ing and shift, only the former measure 
will be reported here. (Analyses of 
errors provided statements identical 
to those which result from analyses 
of trials.) The mean trials to criterion 
in original learning for the four 
major groups were: ER, 26.4; ENR, 
27.3; CR, 27.4; CNR, 27.7. The 
mean trials to criterion for Ss who 
had S as the positive stimulus and 
for those who had B as the positive 
stimulus were 27.3 and 27.5, respect- 
tively. A 2x2 x2 analysis of 
variance carried out on these data 
Supports the conclusion that at the 
end of original learning the treatment 
groups were from the same population 
with respect to this discrimination 
problem and that the dime 
of equal difficulty (F <1) 

Pretraining facilitated performance 
of reversal shift but did not affect 
performance of nonreversal shift. 
Table 2 shows the mean trials to 
criterion and SDs during shift for 
each group. A 2x2 X 2 analysis 
of variance was used to evaluate 
the effects of pretraining, shift, and 


dimension. A 4X F.S transforma- 


tion applied to the raw data reduced 
but did not eliminate heterogeneity 
of variance. Therefore, the 2.5% 


nsions were 


TABLE 1 


TOTAL NUMBER OF ERRORS ON Ea 
SUCCESSIVELY PR 


CH SERIES (S1 and S2 
ESENTED STANDARDS I 


) or JUDGMENTS MADE TO THE 
N PRETRAINING 


First Standard 


Second Standard 


Judged Judged Thirg Standard Fer Standard 
Group — ———— 
| 
s | = een E = s2 Sı | so 
— 98 50 78 72 85 69 ET Gi 
ENR 98 | 28 a 59 89 75 75 62 


t 
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TABLE 2 


MEANS AND SDs or TRIALS TO CRITERION 
IN DISCRIMINATION SHIFTS 


Group | M SD 
ER 5.6 
ENR 17.1 
CR BE 
CNR | DT 


level was required for significance in 
the analysis of variance in order that 
the risk of a Type I error not exceed 
the 5% level. The results of the 
analysis, summarized in Table 3. 
Showed that pretraining significantly 
interacted with type of shift. Di- 
mensions also differed significantly 
but none of the other sources of 
Variance reached significance. A 
Separate analysis indicated that the 
performance of Ss who had either Ht 
or Br as the relevant dimension was 
not influenced by which of the two 
values used for each dimension was 
the positive stimulus (F«1 for 
each dimension). 

The comparisons of specific group 
means were made by the Cochran-Cox 
test (Cochran & Cox, 1950, pp. 92- 
93). The procedure outlined by 
Ryan (1959) was used in assigning a 
level of significance to the comparisons 
of means. Since there were a total of 


TABLE 3 


ANALYSIS OF VARIANCE OF TRANSFORMED 
TRIALS TO CRITERION IN DISCRMI- 
NATION SHIFTS 


Source df MS F 
Type of Shift (S) 1 7.77 2.00 
Pretraining (P) 1 5.87 1.51 
Dimension (D) 1 38.89 |10.02*** 
ox P 1 33.53 8.64*** 
SXD 1 2.36 
DX P 1 14.03 3.61 
Sx PXD 1 .28 
Within Groups 180 3.88 


bar <.005, 


Ow 


TABLE 4 


Cocuran-Cox ; STATISTICS AND OBTAINED 
PROBABILITIES FOR COMPARISONS OF 
DISCRIMINATION SHIFT GROUPS 


Comparison t | ? 
ER vs. ENR 3.25 .002 <p «.005 
ER vs. CR 3.40 .001 <p «.002 
ENR vs. CNR 1.06 .20 € p «.30 
CR vs. CNR | 0.85 p.30 


Note.— This is a two-tailed test. 


six possible comparisons, a p level 
of .008 was required for each com- 
parison to reduce the error rate per 
experiment to the .05 level. These 
comparisons, presented in Table 4, 
indicate that the ER group performed 
significantly faster than the ENR and 
CR groups. There was no difference 
between the CR and CNR groups. 

In the word-association test the 
percentage of antonyms given as 
responses to the key words (ie., 
BLACK, WHITE, TALL, SHORT) was 
24.5 for Ss in the E group and 25.4 
for Ss in the C group. 


Discussion 

In discussing these results it should 
first be noted that the finding of no dif- 
ference between the shift performances 
of the CR and CNR groups confirms 
Kendler and Kendler’s (1959) data ob- 
tained with Ss of a similar age range. 
Furthermore, the fact that the CR and 
CNR groups did not differ argues that 
the differential effects of the pretraining 
upon discrimination shifts is not due to 
differential effects of nonspecific transfer 
variables (e.g., warm-up). Consequently, 
any attempt to explain the selective 
facilitation of reversal shift performance 
in the perceptually pretrained group 
must deal with effects specific to the 
pretraining procedure. 

Differentiation theory suggests that 
the observed facilitation resulted from 
an Improvement during pretraining in 
S's ability to detect and independently 
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utilize the distinguishing features (di- 
mensions) of the stimuli, i.e., from an 
increase in sensitivity to the stimulus 
variables themselves. The .S's per- 
formance during pretraining is consistent 
with this view. The nature of the pre- 
training errors indicates that the most 
difficult judgment was one which re- 
quired S to use variations in a single 
dimension to specify differences, and 
that most of the learning which took 
place in pretraining was, in fact, an 
improvement in S's ability to make such 
judgments. According to differentiation 
theory such improvement in sensitivity 
should increase the likelihood that Ss 
would discriminate the objects of the 
discrimination task on the basis of the 
stimulus dimensions involved. In con- 
trast, the control Ss should be more apt 
to respond to the stimulus objects as 
undifferentiated wholes (e.g., the "large 
black” object vs. the “small white" 
object). Relative ease of RS may be 
deduced for an S who discriminates on 
the basis of the relevant dimension since 
it remains relevant in an RS and he has 
only to learn a relation between one 
aspect of this feature and reinforcement, 
while in an NRS he must first redirect 
his attention to (and perhaps further 
differentiate out) the formerly irrelevant 
dimension before learning the appro- 
priate stimulus-reward relationship. On 
the other hand, relative ease of NRS may 
be deduced for an S who has reached 
criterion in original learning on the basis 
of perceived object-reward relationships, 
since only one of these relations is 
changed in such a Shift, while both are 
changed in an RS. 

Such an analysis, however, would not 
account for the fact that pretraining had 
no effect upon original learning. A 
hypothesis which may account for this 
finding is that the facilitating effect of 
having isolated the stimulus dimensions 
of a discrimination task will depend upon 
the number of dimensions involved. 
As the number of dimensions increases 
arithmetically the number of pairs of 
stimuli necessary to represent the varia- 
tions will increase geometrically. Con- 


sequently, the value of being able to. 
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discriminate on the basis of dimensions 
rather than on the basis of the stimulus 
configurations themselves should become 
increasingly evident as the number of 
dimensions in the task increases. How- 
ever, in the present experiment only two 
dimensions were involved and so only 
two pairs of stimulus objects were 
required to represent all variations. 
Thus, although pretrained Ss are as- 
sumed to have been more likely than 
controls to have discriminated on the 
basis of dimensions during original 
learning, their problem would still be 
approximately equal in difficulty to that 
of the controls. 

Explanations of the data on the RS- 
NRS comparison which emphasize the 
role of dimension-specific mediating re- 
sponses might also claim the data of the 
Present experiment if it is assumed that 
the appropriate mediating responses were 
developed under the pretraining condi- 
tions employed. In regard to the possi- 
bility of the establishment of verbal- 
mediating Tesponses, the identical per- 
formance of control and experimental 
Ss on the word-association test can be 
taken as an indication, although not as 
an unequivocal test, that pretraining 
did not alter the probability that 
experimental Ss would employ relevant 
verbal labels during the discrimination 
tasks. 

_ This study does not enable a conclu- 
Sive statement as to the relative con- 
tributions of perceptual vs. mediational 
factors to the observed facilitation of 
reversal behavior. But the consistency 
of the operations and data of the present 
experiment with differentiation theory 
warrants the view that further considera- 
tion should be given to the possibility 
that differentiation Processes play an 


important role in developmental changes 
in shift behavior, 
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Free recall improves with increasing contextual constraints on verbal 


material. 


words are stored more efficiently. 


of input construction during faulty 


explanation to storage. 


In his 1942 book McGeoch pro- 
posed that there may be a high 
positive correlation, or even a perfect 
one, between meaning and the reten- 
tion of verbal material, Meaning 
was undefined but Psychologists gen- 
erally agreed on the relative meaning- 
fulness of specific verbal lists. Prose 
or poetry, e.g., was held to be more 
meaningful than a list of random 
words. In 1950 Miller and Selfridge 
questioned the prevailing interpreta- 
tion. It was not meaningfulness 
per se that influenced retention, 
Miller argued, but rather meaningful 
material retained the Statistical struc- 
ture of the language, It was the 
latter, the order of approximation to 
English (AE) of a verbal list that was 
influencing retention. Miller and 


1 The research was supported by National 
Science Foundation ‚Grant .GB1587 and 
Undergraduate Research Participation Pro- 
i G22791. Abigail Tuttle collaborated 
gnam I and II as a student participant of 
E fam at Hollins College. Arnold 
Es P its assisted in collection of data in 

ark 


Exp. III and IV. 


3 experiments sought to localize the facilitation at stimulus 
reception, storage, and/or retrieval. 
sumes associative and grammatic. 
during free recall: a retrieval effect 
for high and low AE lists on free recall 
nition test" which precluded output construction, 


The construction hypothesis as- 


al reconstruction of a training list 


Experiment I compared retention 
and ona “successive binary recog- 
Result, high AE 


Experiment II tested for possibility 
stimulus reception as an alternative 
Measurements of perceptu: 
ing failed to support the input-construction hypot 
output construction was slight but supported 
tional control of output-construction behavior, 
strated reproducibility and generality of results, 
human storage system is biased for high AE 
errors are lawful, false-positive error Means ar 
of distracters, yielding a .19 constant, 


al error during train- 
hesis. Evidence for 
@ prediction of instruc- 
Experiment II] demon- 

Conclusions: (a) the 
material, (b) recognition 
e proportional to number 


Selfridge (1950) demonstrated that 
the number of words recalled increases 
in à negatively accelerated fashion 
with order of AE. Although the 
precise form of the function has been 
questioned (Coleman, 1963), the per- 
vasiveness of the general relationship 
1$ amply documented (Deese & Kauf- 
man, 1957; Postman & Adams, 1960). 

Deese (1961) recently suggested 
that superior retention of contextually 
constrained material may be due, in 
Part, to "constructions" based on S's 
prior learning of the associative and 
grammatical structure of the language. 

€ construction hypothesis has been 
Proposed in one form or another bya 
number of distinguished psychologists. 
Bartlett (1932) presented it in his 
classic work on memory. Woodworth 
(1938) Stated, "In attempting to 
reproduce à Story from memory one 
really constructs a story [p. 70]." 
More Fecently, Postman (1964) em- 
Ployed the hypothesis to integrate 
the results of a number of verbal- 
earning experiments, 
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Contamination of measures of for- 
getting by differences in degree of 
learning (storage) has been demon- 
strated by Underwood (1964). It 
should be added that the typical 
free-recall score may be a composite 
of not less than four factors: amount 
learned, amount forgotten, amount 
retrieved, and amount constructed. 
An alternative or adjunct hypothesis 
to construction is that a high AE list 
is more efficiently stored following 
input as well as or instead of con- 
Struction during output. Order of 
AE may produce higher measures of 
retention at least in four ways: (a) 
it may produce more efficient storage 
of individual lexical units; (b) it may 
improve the accuracy of perception 
by permitting construction during 
"put; (c) it may permit relevant 
Construction during free recall; and 
(d) it may facilitate any combination 
of these factors, 


EXPERIMENT | 

The first experiment was designed 
to test the output-construction hy- 
pothesis by comparing the results of 
& test of free recall with recognition 
tests for material presented at two 
levels of AR. One group of Ss 
received an English paragraph and a 
Second group the same words in 
random order. Some Ss received a 
free-recall test, the rest were given 
a recognition test. A two-choice 
recognition test for each word of a 
sequence of words, if properly paced, 
would seem to eliminate all oppor- 
tunity for construction. Words of 
the initial list were randomly mixed 
with distracter words. This test 
list was presented one word at a time. 
The S simply sorted each word into 
a Yes or No category depending 
upon whether the word was or was 
Dot recognized as having been on the 
training list. There is neither the 


time nor the context necessary for 
construction under such circum- 
Stances. lí superior retention for 
material of high AE now disappears, 
it would be safe to conclude that the 
locus of AE effects is essentially in 
the output system and that construc- 
tion is a plausible explanation for 
superior retention. If the paragraph 
produces higher retention scores on 
recognition tests, it is reasonable 
to conclude that somehow the para- 
graph is getting into the brain more 
efficiently than random words. 


Method 


Design.—A 4 X 2 factorial design was em- 
ployed involving two orders of approxima- 
tion to English (high AE and low AE), and 
four conditions of retention testing (100, 200, 
or 400 distracters in recognition, and free 
recall). 

Subjects—The Ss were 120 female under- 
graduate students at Hollins College ranging 
in age from 18 to 22 yr. ‘Two additional Ss 
were discarded. 

Verbal material—The learning material 
consisted of two 104-word lists containing 
100 different words selected from the 1,000 
most frequent words in the Thorndike and 
Lorge (1944) count or their derivatives (hes, 
the inflectional suffix of some of the words 
was altered). Four function words occurred 
twice. Several paragraphs were constructed 
by students in accordance with the preceding 
specifications. The paragraph judged to 
conform most to grammatical convention was 
selected. The 104 words were presented one 
ata time. The word order was random for 
the low AE groups. The following order of 
presentation was employed for the high AE 
groups: “LATE LAST NIGHT ALTHOUGH LOSING 
MUCH SLEEP MARY AND I ARRIVED, . . Dz 

Distracter words for the recognition groups 
were randomly selected likewise from the 
1,000 most frequent words. The 100 different 
training words were randomly intermixed 
with either 100, 200, or 400 distracter words 
to produce recognition lists of 200, 300, and 
500 words. 
visual Mure Simultaneous auditory and 
layed fo. a en of the. words was em- 
eee ee groups during training and 


2? The training list is 


available from the 
author upon request. 
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Method 


Design.—A 2 X 2 X 2 factorial design was 
employed involving high or low AE (para- 
graph or random word order), overt or covert 
articulation of the stimulus words; and 
instructions to construct or neutral instruc- 
tions. 

Subjects.—The Ss were 64 undergraduates 
of both sexes attending Roanoke College 
summer session and ranging in age from 16 to 
24 yr. Three Ss were discarded and replaced. 

Procedure.—Training words were identical 
to those in Exp. I but were now presented on a 
DuKane filmstrip viewer. Training was 
restricted to the visual modality and words 
appeared one at a time at 1.5-sec. intervals. 
The Ss were run individually and the testing 
was exclusively free recall. The construction 
groups were told to attempt to fill up the test 
sheet even if they had little confidence in 
some of the words that they would be writing. 
They were also instructed to attempt to 
figure out what words had been previously 
presented, to check the words that they 
reported with confidence, and to put an "X" 
next to the low-confidence words. The "'non- 
construction" groups were presented instruc- 
tions similar to those of Exp. I. The overt 
articulation groups were directed to read 
the training words out loud. This instruc- 
tion was omitted for the covert groups. 


Results 


Inflectional suffixes were again ig- 
nored in counting the number of words 
correct. AE is highly significant, 
F (1, 56) = 46.69, b < .001, with 
mean words recalled for high and low 
AE, respectively, 27.66 and 17.06. 
Instructions are Significant, de (1,56) 
= 4.88, p < .05: the mean is 24.06 
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for instructions to construct, and 
20.66 for neutral instructions. There 
was no evidence of perceptual error 
for the overt articulation Ss; the 
mean words correct are virtually 
identical for the overt and covert 
groups, 22.72 and 22.00, F (1, 56) 
—.22. All interactions, except AE 
X Instructions, yielded p > .10. The 
AE X Instructions interaction is mar- 
ginal, F (1, 56) — 3.51,.05 < p « .10. 
Orthogonal comparisons, however, 
confirm the prediction as directions 
to construct facilitated recall only for 
the high AE group. Mean words 
correct is 30.81 for construction 
instructions, and 24.00 for neutral 
instructions when the learning ma- 
terial is high AE, ¢ (56) = 2.93, 
p < .01. The means for the low AE 
list are 17.61 for instructions to 
construct, and 16.81 for neutral 
instructions, ¢ (56) = .35. 

It will be recalled that the con- 
Struction Ss were told to denote their 
high- and low-confidence words, Mean 
words correct and incorrect in ac- 
cordance with this distinction are 
presented in Table 3. The high- and 
low-confidence words were analyzed 
independently, AE is significant both 
for high-confidence words, F (1, 28) 
= 20.74, p < -001, and for low-con- 
fidence words, F (1, 28) = 5.67, 
p «.05. Both sets of treatment 
effects for verbalizations and both 
Sets of interactions yielded p > .10. 


TABLE 3 


MEAN WORDS CORRECT AND INCORRECT FOR OUTPUT- 


Ex 


: Construction Groups: 


Approximations High Confidence 


Low Confidence Hi 


to English Words Correct Words Correct weas Tae M Confidence 
High 27.44 3.38 3.19 4.75 
Los 16.00 1.31 2.81 344 
ization: 
ve Overt 21.38 "n m " 
22; . 2.89 
Covert 


3.44 
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EXPERIMENT III 


Although the results of the previous 
experiments are unambiguous, gen- 
erality has not been established since 
a single sample of verbal material 
was employed. Experiment III is a 
partial replication of the first experi- 
ment employing the initial verbal 
material and three additional lists. 
The words were presented in high or 
low AE and the tests administered 
were recognition with 100 distracters 
or free recall. Eight different samples 
of distracters were used. 


Method 


Design.—A 4 X 2 X 2 factorial design was 
employed involving high or low AE, free recall 
or a recognition test, and four sets of verbal 
materials. 

Subjects —The Ss were 240 introductory 
psychology students (male and female) at 
Buffalo. Five Ss were discarded and replaced. 

Verbal material—Four sets of training 
words were employed.’ A different random 
order of words was presented to each S in the 
low AE condition. Eight different samples 
of 100 distracter words were selected from 
approximately 600 words not used in the 
training lists. All distracter words, thus, 
were from the 1,000 most frequent words in 
the Thorndike-Lorge (1944) count. The 
order of training and distracter words was 
random and was different for each S in the 
recognition condition. Each word was 
printed by an IBM 557 on the left center 
of a blank IBM card, one word to a card. 

Procedure.—The Ss were run in groups of 
16. Each S was randomly assigned to 1 of 
the 16 treatments. Two additional blocks 
were run to replace discarded Ss or those that 
failed to show up. The same general instruc- 
tions were administered but each S was told 
the character of his training list, either a 
paragraph or random words.  Pretraining 


consisted of 30 sec. of practice turning of 
blank IBM cards. Training was restricted 
to the visual modality; S turned his IBM 
cards and exposed each word to a 1.5-sec. 
beat played from magnetic tape. Roughly 
10% of the Ss did not keep pace with the 
beat. The deviation, for these Ss, from the 
assigned total exposure time was never more 
than 25 sec. The interval between training 
and testing ranged between 5 and 45 sec. 
for individual Ss. The recognition Ss sorted 
the cards to a 2.5-sec. beat. The slowest S 
required 50 sec. more than the fastest. In all 
other respects, the procedure was the same 
as in Exp. I. 


Results 


The adjustment of recognition 
scores and the scoring of free recall 
are identical to that of Exp. I. Cell 
means for each of the 16 treatments 
are presented in Table 4. Superior 
retention of high AE material occurred 
for each sample of verbal material 
in free recall and recognition. The 
results of Exp. 1, thus, were produced 
for the list of Exp. ] and for three new 
samples of verbal materials. The 
analysis of variance for these data 
produced the following results, reten- 
tion tests: F (1, 224) = 282.94, p «.001; 
AE: F (1, 224) = 41.60, p < .001; 
lists: F (3, 224) = 412, p <.01. 
All interactions yielded p > .10. 

'The overall mean for false-positive 
errors is 19.3 for high AE and 19.0 
for low AE. Mean false-positive 
errors for the high AE lists are 16.7 
for List A, 16.9 for List B, 19.9 for 
List E, 22.5 for List F, and for the low 
AE lists 20.5 for List A, 16.7 for List 
B, 22.2 for List E, and 17.7 for List F. 
Inasmuch as 100 distracters were 


3 A fourth experiment ON = 120) was conducted. Five additional paragraphs were selected 
from lists constructed in accordance with the criteria presented in Exp. L The six i 


were administered in high AE to six groups of 5s, followed by a free-recall test. 


of words recalled for each paragraph is, 
(A) 22.30 (B) 25.10 (C) 26.85 


Mean number 


(D) 30.55 (E) 31.25. (F) 35.70 


Means without common lines are significantly different (Duncan range test, a = .05). Lists 
, & = .05). ‘ 


A, B, E, and F were administered in Exp. III; List E was 
II. The lists are available from the author upon request. 


previously employed in Exp. I and 
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TABLE 4 
TREATMENT Means: Exp. II] 


Free-Recall Test 


Recognition Test 


List Topic Collapsed 
High AE Low AE High AE Low AE 
A SHIP 22.07 19.53 49.13 37.27 32.00 
B GARDEN 26.73 20.07 47.07 44.07 34.48 
E TRIP 27.53 19.53 43.73 35.67 31.62 
F WAR 31.47 | 24.53 51.73 38.93 36.67 
Collapsed: 26.95 47.92 38.98 


| 20.92 


utilized, the ratio of false-positive 
errors is .19 for both high and low AE 
and is remarkably uniform. 


Discussion 


The effect of an experimental arrange- 
ment upon retention typically is meas- 
ured by the quantity of stimulus material 
reproduced. Results so obtained may 
grossly reflect the influence of an inde- 
pendent variable on one or more discrete 
Processes such as the quantity and 
character of stimulus reception, storage, 
or retrieval. A verbal stimulus signal 
transmitted to an S may be received 
accurately, inaccurately, or not at all. 
A stimulus received may be stored 
permanently, temporarily, or not at all. 
A stored signal may be retrieved effi- 
ciently, inefficiently, or not at all. 
Contextual constraint clearly increases 
the quantity of verbal material sub- 
sequently reproduced. It has not been 
clear, however, whether high AE facili- 
tates reception, Storage, or retrieval. 

Increased accuracy of stimulus recep- 
tion is possible if a high AE list generates 
input construction; Exp. demon- 
strated no such effect. Immediate 
reproduction was. obtained by overt 
verbalization during stimulus input. 
Both high and low AE verbal material 
produced completely veridical stimulus 

reception: No articulation errors were 

ved. Nor did any difference in 
mon result from covert and overt 
ie Input construction is 
eee necessary for verbatim recep- 
tion of the high-frequency words pre- 


sented. 


Experiments I and III reliably demon- 
strated that high AE material is more 
efficiently stored. Three quantitatively 
different recognition tests were adminis- 
tered in Exp. I. Four samples of verbal 
material were presented in Exp. III. 
In each of the seven treatments sub- 
stantially more high AE words were 
recognized. The recognition tests pre- 
cluded output construction and Exp. II 
ruled out input construction. There are 
few reasonable alternatives to the con- 
clusion that the human Storage system 
is biased for Contextually constrained 
material. The logic involved in extend- 
Ing conclusions based on recognition 
behavior to free recall requires comment. 

*ecognition and free recall are essen- 
tially two different retrieval processes. 

variable that facilitates storage will 
do so regardless of the subsequent re- 
trieval system employed. The several 
tests of recognition demonstrate that 
high AE material is stored more effi- 
ciently. If this is granted, it follows 
that superior free recall of a high AE 
list reflects superior storage and presents 
no problem. Indeed, if a high AE list 
failed to enhance free recall, a problem 
would now exist to account for such an 
anomaly, 


The Preceding reasoning in no way 
ecludes out 


in Exp. II in an 


difficulty remains as the 
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rogation of Ss and their behavior suggest 
that free recall involves at least two 
distinct processes. Short bursts of 
sequentially related words are emitted by 
S (Postman & Adams, 1960) in Phase 1 
from what may be a short-term storage 
pool. Phase 2 may consist of a covert 
recognition process in which S implicitly 
selects successive words from an associa- 
tive pool (Deese, 1962) primed by initial 
training, rejecting some words and 
emitting others. 2 

Recognition measures of retention 
typically involve simultaneous presenta- 
tion of a correct item with one or more 
distracters. One item is selected by S 
from each set (Murdock, 1963; Postman, 
Jenkins, & Postman, 1948). Specific 
techniques of distracter selection and 
matching with correct items frequently 
leads to serious methodological difficul- 
ties. The procedure developed for the 
present research could be called successive 
binary recognition. Distracters were 
randomly sampled from the same popu- 
lation as the correct words. Both types 
of items were randomly intermixed, 
presented one at a time, and judged as 
correct or incorrect. One result is 
strikingly lawful. The false-positive 
error mean is proportional to the num- 
ber of distracters; the constant is very 
close to .19 if errors are averaged over a 
large sample. This constant in conjunc- 
tion with the quantity of obtained errors 
in free recall will permit calculation of the 
number of words that S implicitly 
generates during free recall. If the 
procedure can be validated by a single 
independent estimate, a powerful tool 
will be available for determining implicit 
behavior. 
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7i 10 practice sets, 1 each of the 10 
Ep Each adjective that was used z 
the experimental sets for a given S a 
exactly once in the practice sets for t lat S. 

Procedure.—Each S received two mimeo- 
graphed booklets, one of practice sets, and 
one of experimental sets. Except for the 
cover sheet, each page of the booklet con- 
tained two adjectives on each of one or two 
lines, together with a blank space in which S 
recorded his response. For HHM*M* sets 
and LLM-M- sets, the adjectives appeared 
in alternating order which was balanced over 
the two sets of each type. 1 he pages of 
each booklet were arranged in a different 
scrambled order for each .S. 

The S was instructed to read the adjectives 
slowly to himself. A total of 15 Sec. was used 
for each set. At the end of the alloited time, 
E said, "Rate & Turn." The.S then recorded 
his response and turned 

The Ss were told to use 
they would neither like 
lower numbers for persons 
and to use higher number: 
would like. Except for centering the scale 
at 50, Ss were told they c 


Subjects.—'The Ss were 48 males who were 
fulfilling a course requirement in intro- 
ductory psychology. They were run one or 
two at a time, and were randomly assigned 


in equal numbers to the four stimulus repli- 
cations. 


REsutts 


Table 1 lists mean response per set 
for each of the 10 set types. There 
are three main aspects of the data 
that are of interest, ] 

The primary purpose of the experi- 
ment was to get a comparative test 
of the additive and averaging formu- 
lations in the way alluded to in the 
first paragraph of the introduction, 
The critical comparison is based on 
the HH and the HHM+M+ Sets, 
Both sets have the same highly 

favorable adjectives, HH; the latter 

has also the added moderately 
cades it adjectives, M*M*. The 
ddition of this moderately favorable 
A n should increase the favor- 


ANDERSON 


TABLE | 
MEAN RESPONSE PER SET As A FUNCTION 
or Set TYPE 


Set Type | Response Set Type Response 
HH | 72.85 | HHHH 79.39 
M*M* 57.56 | M*M*M*M* 63.20 
M-M- 42.18 | M-M-M-M-| 39.50 
LL 23.70 | LLLL 17.04 

] HHM*M* 71.11 

| LLM-M- 25.67 


is centered at 50; higher numbers 
impressions, lower numbers 
impressions, 


ableness of the response if the stimuli 
are combined by an additive process. 
Thus, an additive model would pre- 
dict that the response to HHM*M"* 
would be higher than the response 
to HH alone. The observed difference 
is in the opposite direction : The mean 
response of 71.11 for HH M-*M- is less 
than the mean response of 72.85 
for HH, 

The LL and LLM-M- sets give a 
similar comparison, Both sets have 
the same highly unfavorable LL 
adjectives, but the latter set has also 
the added moderately unfavorable 
M-M- adjectives, An additive model 
would thus Predict a lower response 
to LLM-M- than to LL. The ob- 
served difference js again in the direc- 
tion opposite to prediction: The mean 
response of 25.67 for LLM-M- is 


higher than the mean response of 
23.70 for LL, 


To test these ri 
Siven a difference 
Parison, the dir 


being taken $0 that an additive model 


esults, each S was 
score for each com- 


Overall 


significantly less than zero, F(1, 44) 
= 6.50. The stimulus-replication fac- 
t approach 


y" 
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adjectives. It is thus concluded that, 
for the present stimuli at least, the 
addition of moderately polarized in- 
formation to highly polarized informa- 
tion decreases the polarity of the 
response. This conclusion, which 
contradicts a simple additive model, 
is consistent with an averaging formu- 
lation. 

Since the critical result is qualita- 
tive, resting on a direction of dif- 
ference, it cannot reasonably be 
attributed to a shortcoming in the 
scale of measurement. Moreover, 
adding moderately polarized to mod- 
erately polarized adjectives actually 
increases the polarity of the response. 
This can be seen in the comparisons 
between sets of two and four M* or 
M- adjectives (Table 1, second and 
third lines). This set-size effect 
Supports the interpretation of the 
Critical result in two respects. First, 
it validates the nominal neutral point 
of the rating scale and the choices of 
moderately polarized adjectives. Sec- 
ond, it underscores the contrary 
direction of the effect in the critical 
comparison. 

The second aspect of the results is 
the effect of set size. These data 
Deaton the adequacy of an averaging 
formulation. In agreement with 
previous findings cited above, Table 1 
shows that for adjectives of equiva- 
lent value, four adjectives produced 
a more polarized response than two 
adjectives. The mean magnitude of 
the difference, averaged over the four 
scale ranges, is 5.23 ; the corresponding 
mean standard error is 1.02. 

This result would seem contrary 
to an averaging formulation. If the 
response equaled the mean scale 
value of the stimuli, it would be the 
same for sets of two and sets of four 
adjectives. However, the data may 
be accounted for by making use of an 
initial impression, analogous to the 
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initial opinion employed in previous 
work with an averaging-type model 
for serial presentation (Anderson, 
1959). It is assumed that S has an 
initial impression, 7o, which is com- 
bined in a weighted average with the 
scale values of the stimuli of each set. 
The response to a set of Size 1 is then 
given by 


Rı = wA + (1 — w)o [1] 
where -4 is the scale value of the single 
item, w is the weight associated with 
the item, and 1 — s» the weight for 
the initial impression. 

For sets of Size k in which all 
stimuli have the same weight and 
scale value, the equation for the 
response is 


Bu: kwA + (1 — w)Io [2] 
kw + (1 — w) 

In this expression, the numerator is 

the weighted sum of the scale values, 

and the denominator is just the sum 

of the weights. 

To apply these equations, the HH 
and LL sets were considered as of 
Size 1, with scale values of 100 and 0. 
Io was set equal to 50, the nominal 
neutral point of the response scale. 
Equation 1, together with each .S's 
observed mean response to the HH 
or LL sets, was then used to estimate 
w for that S. Equation 2, with k=2, 
was then applied to predict S's 
response to the sets of four adjectives, 
The mean predicted response to 
HHHH was 79.7 which is .3 higher 
than the obtained value; the mean 


predicted response to LLLL was 16.6 
Which is 1.0 lower than the obtained 
value. (These predictions differ from 
those obtainable from the group data 
of Table 1 because the mean ratio does 
not equal the ratio of the means.) 

Although the agreement between 
predicted and obtained is fairly good, 
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the fit should perhaps be taken as no 
more than a qualitative indication 
that the averaging formulation can 
account for the effect of set size. 
Unfortunately, it did not seem feasible 
to estimate the values of 4 for each S 
separately. The use of 0 and 100 as 
scale values for L and H adjectives, 
although seemingly appropriate for 
most Ss, did not appear to be valid 
for all. A few responses were small 
negative numbers and, more seriously, 
some Ss did not appear to be using a 
full 0-100 range for their responses. 
Although a center-anchored response 
scale was desirable for the main 
purpose of this experiment, an end- 
anchored scale will probably be prefer- 
able for a rigorous quantitative test 
of the averaging model explanation 
of the effect of set size. 

The above analysis rests on the use 
of the initial impression, a concept 
that seems natural enough in the 
context of opinion formation where 
it was previously employed. Here, 
however, it might more reasonably 
be conceptualized as a neutral im- 
pression, based on a lack of informa- 
tion or on an expectation developed 
by previous sets, which is progres- 
sively changed as the stimuli of the 
present set are integrated into the 
impression. 

The two aspects of the results 
considered so far concern essentially 
qualitative tests of the additive and 
averaging formulations. The third 
aspect of the data involves two quanti- 
tative comparisons for which both 
formulations make the same predic- 
tion: The response to Pr eal 

ial the average of the re- 
tad toll HHH and M+M+M+M+: 
sinite the response to LLM-M- 
ld equal the average of the 
as nses to LLLL and M-M-M-M-. 
g predictions are straightfor= 
that all H adjectives 

ward. Suppose 
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have the same scale value, sn, and 
that all M+ adjectives have the same 
scale value, syrt. Let R(X) denote 
the response to a set, X, of stimuli. 
In a simple additive model, the 
response is just the sum of the scale 
values: 


R(HHHH) = 4sy, 
R(M+*+M+M+M+) 
R(HHM+M+) 


= sy, 
2su + 2s. 


The last expression is seen to be the 
average of the first two, as asserted. 

The averaging model makes the 
same prediction if all stimuli have 
the same weight. This may be shown 
by direct application of Equation 2. 
However, since all sets in question 
have equal size, the initial impression 
may be ignored and the above listed 
expressions simply divided by 4 to 
yield the same conclusion. 

The above derivations are based 
on the simplifying assumption that 
all stimuli in a given scale range have 
the same scale value. Because of the 
balancing in the set construction, it 
is straightforward to show that the 
Same predictions are obtained if 
unequal scale values are allowed. 

The test of the prediction is made 
directly from the raw data. Each S 
Was given a score obtained by sum- 
ming his responses to the two HHHH 
sets and the two M+M+M+M+ sets, 
and subtracting his responses to the 
four HHM+M+ sets. According to 
Prediction, this dependent variable 
has a true mean of zero. From Table 
1, the observed mean is .19 on a per 
Set basis, and this is not significantly 
different from Zero. However, the 
observed mean for the corresponding 
comparison involving the L and M- 
adjectives was 2.90 whi i 
cantly different 
44) = 8.53, 


This significant discrepancy nat- 
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urally raises some doubt that either 
formulation can give an exact, quanti- 
tative account of the data. It may 
be worth noting, however, that the 
discrepancy is in the direction that 
would be predicted by Equation 2 
if the M- adjectives had lower weights 
than the L adjectives. 


DISCUSSION 


The main result is that the addition of 
moderately polarized stimuli to highly 
polarized stimuli decreases the polarity 
of the response. Any simple application 
of an additive formulation would predict 
that response polarity would increase as 
the number of stimulus items of like 
polarity is increased. The main result 
is clearly inconsistent with such a formu- 
lation. 

An averaging formulation is, of course, 
consistent with the main result. The 
addition of moderately polarized stimuli 
to highly polarized stimuli decreases the 
mean polarity of the set. If S responds 
in terms of the mean scale value, his 
response should also then decrease. 

_ Butit should be noted that the averag- 
ing model does not imply that this 
result will necessarily be obtained. In 
the model, the response is considered 
as an average, not of the stimulus values 
alone, Put includes also the initial im- 
crease even though the mt i Ins 
value decreases EC D d eer stimulus 

e is, in fact, in just 


this way that the averaging model 
accounts for the effect of set size. 
Although the present results appear 
to favor an averaging over an additive 
formulation, there are certain qualifica- 
tions that need mention. First and most 
important, both models failed one of the 
two quantitative tests. The possibility 
of accounting for this discrepancy within 
the averaging model was noted above. 
However, the discrepancy might also 
stem from some methodological short- 
coming, such as the lack of a theoreti- 
cally adequate response scale (Anderson, 
1962b). And the discrepancy may, of 
Course, reflect some basic theoretical flaw 
in the models, such as changes in the 


meanings or scale values of the adjectives 
as a function of context. The present 
experiment does not, unfortunately, dis- 
tinguish among these possibilities. 

The second qualification is that the 
results may be peculiar to the adjective 
stimuli. In particular, if S judged the 
value of a bundle of commodities, as in 
Gulliksen (1956), the addition of even a 
slightly valued commodity would no 
doubt increase the value of the bundle. 
In that case, of course, an averaging 
model would not apply. This example 
suggests that perhaps an averaging 
formulation will be applicable to judg- 
ments of single more or less definite 
objects, in contrast to judgments of 
collections or bundles of objects. Added 
information would simply reveal more 
properties of the object in the former 
case, but would correspond to an actual 
change in the collection in the latter case. 
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SPATIAL AND TEMPORAL DETERMINANTS OF 
VISUAL BACKWARD MASKING! 
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Brown University 


Duration thresholds were obtained for a single test stripe succeeded by 
a masking pattern of alternating dark and bright bars delivered to the 
same retinal region. The effect of the angle (alpha) between test stripe 
and masking contours was studied in conjunction with both vertical and 


horizontal test stripes. 


With either of the test-stripe orientations 


duration threshold decreased as alpha increased from 0° to 90°. In 
another experiment both alpha and the interstimulus interval (ISI) 
were varied. The effectiveness of alpha as a determinant of masking 
seemed to be restricted to ISI below 60 msec. 


When two brief flashes are pre- 
Sented in rapid succession to the same 
retinal area the detectability of the 
first is reduced. This phenomenon 
has been termed visual backward 
masking. The effect of the spatial 
relationship between the first (or 
"test") stimulus and the second (or 
"masking") stimulus has yet to re- 
ceive adequate systematic analysis 
though several lines of evidence 
testify to its importance. 

Battersby and Wagman (1962, 
1964) have shown the important role 
played by the spatial relationship 
between the perimeters of otherwise 
contourless test and masking flashes. 
Kolers (1962; Kolers & Rosner, 1960) 
has extended the analysis using a 
concentric disk and ring as test and 
masking stimuli. 

In order to understand the con- 
tribution of contours within the mask- 
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ing field one must turn to studies 
using spatially overlapping, patterned 
test and masking stimuli. In many 
of these studies, however, the amount 
of overlap between the successively 
presented contours cannot be pre- 
cisely stated because of the stimulus 
configurations employed (Kinsbourne 
& Warrington, 1962a, 1962b; Schiller, 
1965; Schiller & Wiener, 1963). All 
of them used letters of the English 
alphabet as test stimuli and the 
diversity of their form caused the 
test figures to be overlapped in a 
different fashion by the microstruc- 
ture of the masking field. In addi- 
tion, the masking patterns used do 
not facilitate the analysis of the 
specific contour relationships between 
stimuli. 

A more precise statement of the 
role played by contour relationships 
in backward masking might be de- 
rived from experiments using geo- 
metrically simple test and masking 
contours. In the three experiments 
to be reported backward masking is 
measured by the duration threshold 
for a small dark Stripe masked by a 
pattern of alternating dark and bright 
Stripes. The particular spatial rela- 
tionship selected for study is the 
angle (alpha) between the test stripe 
and the orientation of the masking 
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contours. In Exp. L and II backward 
masking is measured for different 
values of alpha for both vertical and 
horizontal test stripes. In Exp. Ill 
both alpha and ISI are varied in an 
effort to study the interaction be- 
tween these spatial and temporal 
determinants of backward masking. 


METHOD 


Subjects.—The Os in Exp. I and II were five 
undergraduates. Following three practice 
sessions, they were paid at an hourly rate of 
$1.25. The four Os in Exp. III, none of whom 
had served in the two preceding experiments, 
were also undergraduates. These Os were 
paid the hourly rate plus a bonus of 1/10 
cent for each correct response. All Os had 
corrected acuity of 20/20 or better. 

Apparatus.—All observations were made in 
a darkened, sound-resistant chamber. The O 
viewed the targets from a distance of 200 cm., 
his head steadied by a fixed chin and head- 
rest. Binocular viewing with natural pupils 
was used throughout. Centered about the 
middle of the target area was a white adapting 
screen subtending 16° of arc on the horizontal 
by 19° of arc on the vertical. In the center 
of the adapting background was a circular 
aperture with diameter subtense of 2°44! 
of arc. Directly behind this aperture was a 
rear projection screen. Stimuli for the 
experiments were projected onto the back 
of this screen by an electronic projection 
tachistoscope. 

The three-channel tachistoscope was 
located behind the rear projection screen with 
each channel consisting of a glow modulator 
tube (Sylvania, R1166) and Optics suitable 
for focusing the interposed stimulus trans- 
parency upon the rear projection screen, 
Measurements with a calibrated photo- 
multiplier tube indicated that the maximum 
difference between channels constituted 1.5— 
2.0% of total light output. Over the course 
of repeated observations flashes generated 
by the glow modulator tubes rose to 90% 

of maximum within 1 msec. Decay times 
were somewhat less. 

The stimulus patterns to he presented were 
hotographically reduced and imaged on 
Bae’ "photographic plates. Carefully ma- 
ass p hannels in front of the glow modu- 
ed a slide to be inserted, with- 
reinserted with a negligible 


gl 
chined chan 
lators permitt 
drawn, and 


in position. . 
g d field and circular target area 
a 
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were illuminated by a 300-w. projector located 
behind and above O. The luminances of the 
adapting screen and target area, measured 
with a Salford Electrical Instruments, Ltd. 
(SEI) photometer, were 10.12 mL. and 2.35 
mL. 

On each trial the initial flash contained 
either a small dark test stripe or a homo- 
geneous flash of equivalent luminance. The 
test stripe subtended 57' X 6' of arc and its 
longer axis was vertical. The masking 
pattern, photographically reduced from a 
Ronchi ruling (Edmund Scientific Company, 
Barrington,N. J.) had bright and dark stripes 
of equal width, 6’ of arc. The contrast of the 
test stripe and that of the masking stripes 
was measured under full experimental condi- 
tions. These values were .14 and .28. The 
luminance of the circular area surrounding 
the test stripe was .65 mL. while the lumi- 
nance of the center of each bright stripe in 
the masking pattern was 1.67 mL. A dot of 
1.5’ of arc subtense was located in the center 
of the target area, providing a fixation point. 
The test stripe was centered about this point. 


[Ex PERIMENT [| 
Procedure 


Each session began with a minimum of 6- 
min. adaptation to the background screen 
at the luminance used in the experiment. 
Each trial consisted of a first (test) flash of 
variable duration, an interstimulus interval 
(ISI) of 40 msec., and a masking flash of 
100-msec. duration, During ISI the photo- 
metric condition of the target area was the 
same as between trials, 

Alpha, the angle between test stripe and 
masking contour orientation, was the inde- 
pendent variable. The following alphas were 
used: 0, 7.5, 15, 22.5, 30, 45, 60, 67.5 
75, 82.5, and 90°, Two different conditions 
Prevailed with alpha = 0°, In one condition 
the region of the target area upon which the 
dark test stripe appeared was subsequently 
occupied by a section of dark stripe in the 
masking Pattern; in the other this same 
Position was occupied by a bright portion 
of the masking pattern, ` 

Stimulus Presentations were initiated by 0 
at the termination of a -5-sec. auditory signal. 
The O then used a switch to indicate whether 
he had seen the test stripe on that trial. The 
interval between trials was approximately 
15 sec., during which time O confined his gaze 
to the target area, 

Each alpha to be s 


tudied was presented in 
à block of 25 trials, 


The test stripe was 
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omitted on a preselected 7 of the 25; on these 
“catch” trials a homogeneous field of equiva- 
lent luminance was presented in place of the 
test-stripe field. Within the 25-trial block an 
“up-down” or tracking procedure was used 
to measure the duration threshold. On the 
first trial of any block the test stripe was 
presented at a ‘duration of 7 msec. If O 
responded “No” (that he had not seen the 
stripe), the stripe was presented with in- 
creased duration on the next trial; if O 
responded “Yes” (that he had seen the stripe), 
the next presentation would be shorter. The 
O's responses themselves controlled the signal 
duration, keeping it in oscillation about some 
central or threshold value. 

Six different alphas were used in any 
session and over the course of the experiment 
an O was run in four sessions with each condi- 
tion. The order of testing with the different 
alphas was individually randomized for each 
O under the restriction that no condition 
could be run z 4-1 times until all other 
alphas had been used 7 times. Knowledge 
of results was not provided. The O had been 
informed that the test stripe would be 
omitted on some trials but was not told the 
frequency of its omission. 


Results 


The duration threshold was defined 
as the mean of the test-stripe dura- 
tions associated with transition re- 
sponses, shifts from Yes to No or 
vice versa. The results of Exp. I are 
summarized in Fig. 1. Each point 
plotted is the mean of the four thresh- 
old determinations for a single O 
and alpha value. The threshold for 
the detection of the black vertical 
test stripe decreases with increasing 
alpha. lt will be recalled that two 
different conditions were studied at 
alpha 0? (see above). Since analysis 
showed the difference between thresh- 
olds for the two 0? alphas to be 
statistically nonsignificant—/ (44) 
= 0.097— for simplicity of represen- 
tation, the points plotted against 
alpha — 0? are mean values taken 
across both conditions. An analysis 
of variance indicated that both the 
alpha and Alpha X O effects were 
Significant beyond the .01 level, 
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(msec.) 


Mean Duration Threshold 


onone Q onono 
~ONO Lu onrw no 
-N A T o 0 -oo0 
ALPHA (in degrees) 
Fic. 1. Mean duration threshold as a 


function of alpha, the angle between test 
stripe, and masking contour orientation. 
(Test stripe oriented vertically; ISI — 40 
msec. Each curve is for a single O, identi- 
fied at right.) 


F (11, 180) = 46.30; F (44, 180) 
— 1.77. In every case the normal or 
unmasked threshold was found to 
lie between 2.5 and 3.0 msec. below 
the threshold for the largest alpha 
values studied. ‘This suggests that 
some small amount of backward 
masking is occurring even with the 
large alpha conditions. Tests of the 
significance of the difference between 
means of successive alphas indicated 
that beyond 45? the effects of increas- 
ing alpha were not statistically sig- 
nificant (p > .05; ¢ test based on the 
alpha term with df — 11). This 
confirms the impression given by 
Fig. 1, that the function relating 
backward masking to alpha is com- 
posed of two main portions. In the 
first part of this function, from 0? to 
45°, alpha influences the amount of 
backward masking while beyond 45? 
masking may be described as inde- 
pendent of orientation. 

The mean false-alarm rate, the 
probability of O's responding “Yes” 
on catch trials, was 2% and was not 
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related in any systematic fashion to 
alpha. 
EXPERIMENT II 


'This was an attempt to extend the 
findings of the first experiment to the 
case in which the test stripe was 
oriented horizontally rather than ver- 
tically. Photometric and psycho- 
physical conditions were as in Exp. 
I and the same Os served, the only 
difference being that a horizontal 
test stripe was used. 


Results 


The results of Exp. II are sum- 
marized in Fig. 2, For each of the 
five Os masking decreases with in- 
creasing alpha. This Observation is 
confirmed by an analysis of variance, 
The effect of alpha was highly sig- 
nificant, F (11, 180) = 167.26, p<.01, 
while the O x Alpha interaction was 
nonsignificant (F = 0.40). In Exp. 
II, as in the first experiment, the 
two 0° alpha conditions did not differ 
significantly, t (44) = 0.66, and the 


Mean Duration Threshold (msec.) 


ono o onono 
Ragg $ 88233 
ALPHA (in degrees) 
Fic. 2. Mean duration threshold as a 
IG. 2. 


i alpha. (Test stripe oriented 
fon e “SI = 40 msec. Each curve 
cae single O identified at right with same 
is for 


numbers as in Fig. 1.) 
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point plotted against alpha — 0? is 
the mean for both conditions. 

Tests of the significance of the 
difference between means of succes- 
sive alphas indicated that beyond 60? 
the effect of increasing alpha was 
diminished below the point of sta- 
tistical significance (p 2.05) Asin 
Exp. I the function relating backward 
masking to alpha seems to be com- 
posed of two parts, including both 
orientation-dependent and orienta- 
tion-independent ranges. The mean 
rate of false-alarm responses was 
1.6%. 

The results of Exp. I and 11 indicate 
that for an IS] value of 40 msec. 
backward masking with both hori- 
zontal and vertical test stripes is a 
decreasing function of alpha. Experi- 
ment III was designed to measure the 
effect of alpha at several different 
ISIs, in order to assess the relation- 
Ship between Spatial and temporal 
determinants of backward masking. 


EXPERIMENT II] 
Procedure 


Three alphas (7.5, 22.5, and 60°) were 
studied in conjunction with ISIs of 5, 15, 30, 
60, and 100 msec. Test-stripe orientation 
was horizontal. In any session O was teste 
at à single ISI with each of the three alphas 
presented in separate blocks of 120 trials. 
The O had been informed that the test stripe 
would be omitted on a randomly chosen .50 
r^. trials (actual rate of omission was .45— 


The tracking procedure, adapted from 
Campbell (1963), was run in blocks of eight 
trials with an intertrial interval of 5 sec. : In 
the first block of eight trials the test stripe, 
when presented, was at20 msec. If more than 
SIX Tesponses to the eight trials had been 
stripe was presented at a 

during the succeeding 
If fewer than six had been correct, 


duration was increased for the next block. 
If exactly six of 


tion was unchanged. [n this way O's re- 


duration of the test- 
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The O was given knowledge of results; a 
buzzer sounded coincidentally with each 
correct response. This feedback was pro- 
vided in the belief that it might serve as 
additional incentive for Os operating under 
the increased strain of the reduced interval 
between trials. The order of presentation of 
ISI and alpha was randomized for each 0. 
Three of the Os served in four sessions with 
each alpha and ISI combination while the 
remaining O served in only three sessions with 
each combination. i 

During the six practice sessions preceding 
the experiment measures of O's normal, un- 
masked duration threshold were made. dn 
addition, two series of 120 tracking trials 
each were run with neutral density filters 
substituted for the usual masking pattern. 
The luminance of this blank field was equiva- 
lent to the mean luminance of the usual 
masking pattern of alternating dark and 
bright stripes. One series was run with the 
homogeneous masking field at ISI = 5 msec., 
another at ISI — 100 msec. 


Results 


The results of Exp. III are sum- 
marized in Fig. 3. Each point is the 
mean taken over all Os and sessions 
with a particular combination of ISI 
and alpha. As might be expected 
from the results of earlier experiments 
(Kolers, 1962; Schiller, 1965; Schiller 
& Wiener, 1963), backward masking 
is a decreasing function of ISI. Both 
main effects, ISI and alpha, are very 
highly significant, F (4, 12) = 108.71; 
F (2, 6) = 113.89; p < .001, as is the 
interaction between them, F (8, 24) 
—9.02. The difference between alpha 
— 7.5? and 60? is highly significant 
p «.01) for ISI = 5, 15, and 30 
msec. (¢ > 3.71) while that between 
alpha = 7.5 and 22.5 is significant 
only at IS] = 15 msec. The pattern 
of differences among means for alpha- 
ISI combinations indicates that the 
effect of alpha upon: backward mask- 
ing may be greatest at the shorter 
ISI values. 

The unmasked threshold of 3.77 
Msec. is indicated in Fig. 3 by the 
dashed line and lies below the dura- 
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Fic. 3. Mean duration threshold as a 


function of alpha and ISI. 
oriented horizontally; four Os.) 


(Test stripe 


tion threshold for any alpha-ISI 
combination. The location of the 
normal threshold suggests that some 
small amount of backward masking 
occurs even with ISI as great as 100 
msec. The filled circles at ISI 5 and 
100 msec. represent the mean dura- 
tion thresholds obtained at those ISIs 
when a homogeneous masking field 
was used. 

Taking into account only the last 
six blocks of eight trials each, the 
mean false-alarm rate for each O was 
.22, .27, .27, and .18. There was no 
systematic relationship between false- 
alarm rate and either alpha or ISI. 


DISCUSSION 


Experiments I and II showed that 
backward masking can be related in a 
precise way to the relative orientations 
of test and masking contours. Masking 
decreased with increasing alpha. Experi- 
ment III analyzed the interaction be- 
tween spatial and temporal determinants 
of backward masking. While the find- 
ings of the first two experiments were 
confirmed at the shorter ISI, at 60 and 
100 msec. the effect of alpha had been 
substantially reduced. At these longer 


ISIs masking was not appreci : 
fluenced by alpha. ppreciably in- 
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The two 0° alpha conditions in each 
of the first two experiments differed in 
successive contrast between test stripe 
and the superimposed masking stripe. 
In one case, a bright masking stripe 
was superimposed upon the dark test 
stripe while in the other a dark making 
stripe appeared in that position. Be- 
cause of this successive contrast differ- 
ence it was expected that the two condi- 
tions would yield dissimilar threshold 
values, though it is possible that the 
relatively low contrast of the stimuli 
used militated against such a finding. 

It may be noted that none of the Os, 
when questioned, reported having seen 
any beta movement of test and masking 
stimuli, although such apparent move- 
ment has been observed in other masking 
studies (Fehrer & Smith, 1962). 

The tracking procedures adapted for 
use in these experiments have proven to 
be useful and efficient, Cornsweet (1962) 
expressed concern that Os in studies 
employing a tracking technique would 
quickly become aware of the rules 
Soverning the stimulus and that this 
awareness would limit the value of 
tracking as a Psychophysical method. 
Logan (1963) avoided this limitation, 
disrupting the tracking series by oc- 
casionally repeating the stimulus value 
from the immediately preceding trial 
without regard to O's response. The 
present experiments used another pro- 
cedure for disrupting the response- 
stimulus contingencies inherent in track- 
ing. On some Proportion of the trials 
the test stripe was omitted, this propor- 
tion varying from .28 in Exp. I and II 
to .50 in the last experiment. When 
questioned following their Service, none 
of the Os reported that he had become 
aware of any relationship between his 
response and the Stimulus duration on 
succeeding trials. In addition, as Swets 
(1961) has pointed out, the inclusion 
of many catch trials permits one to 

estimate the location of O's response 
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criterion, though this was incidental to 
the concerns of the present experiments. 
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SIZE AND STRUCTURE OF GRAMMATICAL UNITS 
IN PAIRED-ASSOCIATE LEARNING 
AT TWO AGE LEVELS! 


JAMES G. MARTIN axb ROBERT L. JONES 
Chico State College 


This study examined the functional equivalence of words and phrases 
and the effects of within-phrase redundancy in paired-associate learning 


with children and college students as Ss. 


There was no difference be- 


tween single nouns and noun phrases as stimulus terms for both high- 


and low-redundant phrases. 


On the other hand, while high-redundant 


verb phrases were learned as quickly as single verbs as responses, low- 
redundant phrases were learned more slowly. Age did not interact 
with any of the grammatical variations. 


Writers on the topic of language 
behavior have pointed out the in- 
adequacies of associative-chain theo- 
ries and Markov processes for ex- 
plaining the construction of speech 
utterances. Lashley (1951), eg., 
indicated that there is simply not 
enough time in the rapid execution 
of the motor skills involved in speech 
for control by some associative mech- 
anism of stimulus-response chaining. 
Chomsky (1957) has shown that 
Markov processes do not predict 
many grammatical sentences which 
can be said and understood by users 
of the language. Miller, Galanter, 
and Pribram (1960) point out the im- 
possibility of acquiring a language 
solely on the basis of past experience 
with even a large number of sentences. 

Nevertheless the possibility cannot 
be ruled out that language facility 
begins with simple associations which 
become organized through experience 
into complex simultaneous and se- 


1 Supported by Grant MH 08661-01, 
National Institute of Mental Health, United 
States Public Health Service. Appreciation 
is due to Ted DeBernardi, Principal, and the 
teachers of the Amer Jay Hamilton School 
for their cooperation in this research. A 
Portion of this paper was reported at the 
American Psychological Association meetings, 
Los Angeles, 1964. 


quential hierarchies of behavior. Per- 
haps “novel and appropriate" sen- 
tences (Brown, 1958) consist not only 
of new sequences of words but also of 
novel combinations of whole phrases 
which have been overlearned and 
thus are easily available for sentence 
construction. These overlearned whole 
phrases may function as units of 
speech; through experience they be- 
come integrated (Osgood, 1957). 

At the same time, these phrases 
may vary in degree of integration or 
redundancy as a function not only 
of experience but also internal struc- 
ture. The word vr, for example, is 
more likely to follow woke than 
BEEN is to follow nap, even though 
HAD BEEN, an auxiliary verb form, 
is probably more frequent in ex- 
perience. But woke UP is more 
redundant because there are fewer 
probable alternatives for the second 
word. 


These speculations were tested in 
the present experiment. First, two- 
word phrases in “sentences” learned 
by the paired-associates method were 
pitted against single words to deter- 
mine the extent of their functional 
equivalence. Second, phrases dif- 
fering in internal grammatical struc- 


ture were compared to investigate 
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the relevance of a Markov interpreta- 
tion to at least one level of sentence 
learning. . . 

Since grammatical integrations de- 
velop with experience, grammatical 
relations between materials should 
facilitate learning more for adults 
than for children. To test this 
possibility both college and grade- 
school Ss were used. 


METHOD 


Learning materials—Ten basic four-word 
sentences each consisting of a noun phrase 
and a verb phrase were constructed. The 
noun phrases or parts thereof served as 
stimulus items in paired-associate learning, 
the verb phrases or parts thereof as response 
members. The semantic relations between 
noun and verb phrases were chosen to be 
unlikely. The sentences were constructed 
so that half of the noun phrases could be 
regarded as high redundant and half as low, 
and similarly for the verb phrases. Table 1 
gives the sentences. 

For convenience the top and bottom five 
sentences in Table 1 and the phrases therein 
are designated A and B, respectively, On 
the noun side, A phrases are either 
noun or proper noun combinations and were 
defined as high redundant, while B phrases 
are nouns preceded either by an article or an 
adjective indicating an indefinite quantity 
and were defined as low redundant. On the 
verb side, A phrases were low-redundant 
auxiliary-verb forms while B phrases wi 
high-redundant verb. 
combinations. 

Within the formal grammatical limits just 
specified the choice of (redundant) noun A 
phrases and verb B phrases was governed 
by the judgment that the words within the 
phrases were commonly experienced together 
in heard or written speech. To provide a 
behavioral check on the judgments, however, 
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TABLE 1 


MATERIALS 


Withi " 
Phrase Basic Sentences 
Structure 
A YANKEE DOODLE—HAD BEEN 


NORTH POLE—WILL FLY 
MICKEY MOUSE—COULD BE 


AN APPLE—WOKE UP 

SOME BREAD—ROLLS OVER 
B THE CARS—TASTE GOOD 

A TREE—SWEEPS FLOOR 
THE BIRDS— WEAR CLOTHES 


the first word of each noun and verb phrase in 
Table 1 was used as a stimulus word in a ieee 
association test administered to 51 fifth be 
sixth graders and 53 college Ss. The ee 
relative frequency with which the ee 
word of a phrase was given as an associa 
to the first was as follows for grade-school A ey 
high-redundant noun A phrases, 2896; low 
redundant noun B phrases, 0%; loya 
dundant verb A phrases, 5%; high-redundan” 
verb B phrases, 16%. For college Ss i d 
corresponding percentages were 27, 5, 6, p 
17. These results are consistent with ae 
assumptions of the experiment and ae 
judgments invoked in theselection of materia’ 
Design.—Each of the 10 basic sentences W Ge 
dissected and arranged to yield five DOE 
which define the five phrase-unit condition d 
These are best described by example an 
appear in Table 2. The comparisons 
interest are as follows, If single nouns ^ 
noun phrases are functionally equivalent 
pairs from Cond. II and II should be learn "m 
at the same rate, but faster than pairs ed 
Cond. I in which the stimulus words are "o 
integrated. The functional equivalence rly 
single verbs and verb phrases is similar 
tested by a comparison of III and IV, bet! 
of which should be learned faster than 


and 


TABLE 2 


EXAMPLES OF EA 


CH EXPERIMENTAL Coxprriox 


Within-Phrase 


Phrase-Unit Cond. 


re 
Structu 1 i m Es 
a cum ^. | CLOCK ALARM-CAN | ALARM CLOCK-CAN CLOCK-CAN Sone ean ame 
P APPLE AN-WOKE |AN APPLE-WOKE | avpLe-woxr 


APPL 


Y 
ALARM CLOCK—CAN 
BUSY BEE—DO NOT 


"Yu 


GRAMMATICAL UNITS IN PA LEARNING 


The effects of redundancy within phrases are 
tested by a comparison of Cond. HA and 
IIB on the noun side, and by IVA and IVB 
on the verb side. 

Five mixed lists were constructed from the 
10 basic sentences such that each phrase-unit 
condition was represented twice on each list, 
once for each within-structure condition. 
Thus each of the 10 experimental conditions 
Was represented by a different sentence ona 
given list. Phrase-unit conditions and 
sentences were counterbalanced across lists 
so that each sentence appeared in each phrase 
condition on a different list. On each list 
the 10 pairs making a trial were randomized 
live times. Order of presentation was parallel 
across the five lists so the only difference 
between lists was the phrase condition in 
which a given sentence appeared. 

Apparatus and procedure.—Lists were pre- 
sented on a memory drum set behind a black 
screen. A light placed on the drum illumi- 
nated the aperture. The experimental room 
was dimly lit. 

The Ss were given standard instructions 
for paired-associate learning by the anticipa- 
tion method. Both stimulus and response 
terms were to be pronounced. ‘The necessity 
for repeating materials exactly as presented 
was emphasized. Pairs were presented at a 
2:2-sec. rate with a 4-sec. interpair interval 
and a 16-sec. intertrial interval. A practice 
list of three nonsense pairs, GUZ VAP-WIK, 
ZUK-PIM GOL, and REG-DAT was learned to 1 
perfect trial. ‘Then the test list was presented 
for 10 trials, 1 study plus 9 anticipation. 

Subjects—There were 40 grade-school and 
40 college Ss, all with English as their native 
language. Half of the grade-school Ss were 
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fifth graders, half sixth graders, from the 
college laboratory school. The college Ss 
were from introductory psychology classes 
and participated for extra credit or as a class 
requirement. Some had been in verbal- 
learning experiments before. 


RESULTS 


Table 3 presents mean errors over 
10 trials according to phrase-unit 
condition, within-phrase structure, 
and age level. The statistical tests 
discussed below are based on an 
analysis of variance involving one be- 
tween- and three within-Ss error 
terms. 

-Age.— Table 3 shows that college Ss 
learned faster over the whole list; 
the Age effect is significant, F (1, 78) 
= 15.99, p < .0005. However, the 
nonsignificant interactions of age level 
with anything else in the table indicate 
that grade-school Ss react to the 
grammatical variations in this experi- 
ment in about the same way as 
college Ss. It is clear that gram- 
matical integrations are as effective 
at this developmental level as later 
so the age factor will not be con- 
sidered further in the following 
analyses. 

Units ——Table 3 shows mean errors 
over all Ss for each of the phrase- 


TABLE 3 
MEAN Errors 
Phrase-Unit Cond. i 
Within-Phrase 
Age Level Structure M 
I I IH Iv v 
id A 6.28 4,80 5.43 6.05 7.58 
. ; 6.03 
hool B 5.35 4.48 4.38 4.28 6.2. 1 
Grade Selig M $81 | 461 | 490 | s16 | gor | $33 
A 4.53 2.98 3.50 5.10 6.33 449 — 
Coll B 4.15 3.10 3.58 3.48 4.48 ‘75 
ollege M 434 | 304 | 3.54 | 129 | st | 335 
A 540 | 3.89 | 446 | 558 | 6.95 25 
All Ss B 4.18 3.79 3.98 3.88 5.36 hr 
M 5.08 3.84 4.22 4.73 6.16 4.80 
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nit conditions. The differences were 
reliable, F (4, 312) = 24.31, p < 0005. 

It was expected that pairs with 
integrated phrases on either the noun 
or verb side would be learned as fast 
as pairs with the corresponding single- 
word verbs and nouns. On the noun 
side first, the bottom line of Table 3 
shows similar mean errors for noun 
phrases (Cond. II) and single-word 
nouns (Cond. III) The slightly 
lower error rate for phrases was not 
reliable (p < .20). But both single- 
word nouns and noun phrases were 
learned faster than the comparison 
condition (I), ¢ (312) = 3.34 and 4.83, 
p < .001. 

On the verb side, Cond. III phrases 
were learned faster than the com- 
parison condition (V), ¢ (312) = 7.57, 
P «.001. Phrases IV were also 
learned faster than V, t (312) = 5.56, 
P < .001, but not as fast as the single 
verbs (Cond. III), ¢ (312) — 1.98, 
p «.05. All significant differences 
between phrase-unit conditions except 
the last were also significant (p <.01) 
by the Tukey test for multiple com- 
parisons. 

The results for noun phrases sup- 
port the hypothesis that phrases may 
function like single words in paired- 
associate learning. Similar results 
did not hold over the verb phrases 
lumped together, but it can be seen 
in Table 3 that the difference þe- 
tween single-word verbs and verb 
phrases was a function of the struc. 
ture of the verb phrases. The 
implication of this difference is dis- 
cussed in the next section. 

Wathin-phrase Structure. —In the 

construction of basic sentences, 
phrases of ae structure were 

sumably to vary in re- 
N It can be seen in Table 3 
that the two noun-phrase structures 
in Cond. II differed only negligibly. 
None of the differences between 
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Structures A and B in Cond. I, II, 
and III were significant. But the 
difference between verb phrases was 
substantial. Note that although pairs 
with high-redundant verb phrases 
(IVB) were learned as fast as pairs 
with single-word verbs (IIIB), the 
pairs with low-redundant auxiliary- 
verb combinations (IVA) fared 
badly compared to the corresponding 
single-verb pairs (IIIA). This dif- 
ference was tested by the simple 
2 X 2 interaction between these four 
cells; F (1, 312) — 5.05, p «05. 
This finding shows that within-phrase 
structure can predict the availability 
of phrases in paired-associate learning. 


Discussion 


This study has demonstrated the 
functional equivalence of some phrases 
and single words in a conventional learn- 
ing task. It should be noted that pairs 
including phrases may be at a disad- 
vantage in this task where they must be 
Pronounced within the 2-sec, anticipa- 
tion interval. Yet in general the per- 
formance with integrated phrases was 
equal to that with single words, and this 
fact suggests that in any theory of 
language the units of speech should not 
be limited to words. 

Although learning rates differed be- 
tween high- and low-redundant verb 
phrases as response terms, there was qo 
difference with varying redundancy !" 
the noun phrases. This outcome !5 
Probably an artifact of the paired- 
associate method, since S$ needed only 
to pronounce but not to recall the noun 
phrases as stimulus terms, 

The fact that grammatically ordered 
combinations of words were more easily 
linked to their corresponding pairwise 
terms than backward combinations, 69 
pecially when the order varied only 9? 
the stimulus side of the pairs (Cond. 
and II), is of theoretical interest. £ 
though the finding is consistent with 
Several current interpretations of lan- 
guage, e.g., Jenkins and Palermo's (1964) 
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hypothesis of sequences of linguistic 
classes, Miller's (1956) chunking hypo- 
thesis, and Osgood’s (1957) integra- 
tion-level hypothesis, it does not per- 
mit a clear choice of one over the 
alternative accounts. The theoretical 
interpretation of differences as a function 
of within-phrase redundancy, however, 
is clearer and seems to suggest a Mar- 
kovian model for at least some levels of 
grammatical analysis. 
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SONIC AND ULTRASONIC EQUAL-LOUDNESS 
CONTOURS! 


JOHN F. CORSO 


State University of New York, 
Cortland 


air-conduction curves appear to converge at 17,000 cps, 


loudness function for human hea 


human hearing, 
may be presented 
imary routes: air 
onduction. These 


F Consequently, it has 
tacitly been assumed that the two 


systems should yield similar psycho- 
physical functions, Corso and Levine 
(1963) have shown that the two 
systems do generate pitch-discrimi- 
nation functions of similar form, but 
the bone-conduction mode i 
nificantly more sensitive, 
more, recent studies (Corso z 
1962 ; Deatherage, Jeffress, & Blodgett, 
1954; Haeff & Knox, 1963; Pumphrey, 
1950) have shown that the upper 
limit of audibility for bone conduction 
extends at least to 100,000 cps, while 


1 This experiment was conducted at the 
Pennsylvania State University and was sup- 
ported by Research Grant B-2006(R1) to the 
first author from the National Institute of 
Neurological Diseases and Blindness of the 
United States Public Health Service. The 
authors are grateful to Fujio Oda and John 
Searle for the instrumentation and calibra. 
tion of the electronic testing systems, 
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Aberdeen Proving Ground, 
Aberdeen, Maryland 


Contours were estab- 
; 10-, and 20-phon loudness 


a ; however, the extrapolated 
while the bone- 
It is concluded that the 


ring extends considerably higher in 
frequency than previously believed. 


that for air conduction terminates in 
the region of 25,000 cps (Corso & Oda, 
1961; Wever & Lawrence, 1954). 

The primary purpose of the present 
Study, therefore, was to compare the 
two modes of acoustic transmission 
by establishing a set of equal-loudness 
contours for both air and bone 
conduction from 2,000 cps to a point 


near the upper limit of audibility for 
each mode, 


METHOD 


Observers.—The Os were 48 male students, 
18-20 yr., who volunteered from an intro- 
ductory course in Psychology, All Os were 
Screened for normal hearing and freedom 
from Otological abnormalities. All Os were 
administered the Loudness test of the Sea- 
shore Measures of Musical Talent and only 
those Os who obtained a score at the seventy- 

1 higher on retesting were 
retained as Os from a larger pool of 93 volun- 
The 48 Qs were divided randomly 

8 were tested by air conduc- 
tested by bone conduction- 
Apparatus — The bone-conduction system 
Was designed and constructed to provide 
acoustic stimuli from 1,000 cps to 94,000 cps 
at a sound Pressure leve] (SPL) at least 20 

b. above each Q's threshold. Thi stimuli 
Were generated by a bank of seven oscillators, 
one of which Provided the desired standar 
tone. The output of the oscillators could be 
controlled Manually or automatically and 
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was fed into a dual-channel electronic switch 
containing a General Radio decade attenuator 
in each channel. The attenuated output 
passed through an Eico power amplifier to a 
barium-titanate crystal transducer (Corso, 
1963b). The input voltage to the transducer 
was monitored by a Hewlett-Packard volt- 
meter. A lever system was used to apply the 
tip of the transducer to O's head with a force 
of 200-300 gm. A photocell arrangement 
attached to acoustical muffs worn over both 
ears by each O permitted E to monitor O's 
head position. The acoustic output of the 
transducer was calibrated a few millimeters 
from its conical tip wlich was placed in con- 
tact with the surface of a 3-ft.? tank of water. 

'The air-conduction system was similar to 
that for bone conduction, except that the 
output of the power amplifier passed through 
a Krohn-Hite filter and was presented to an 
Electrovoice, T350, horn-type speaker or to 
an Acoustic Research Transducer for fre- 
quencies below 5,000 cps. The system 
generated SPLs of at least 100 db. re 0.0002 
dyne/sq cm from 1,000 to 16,000 cps and was 
calibrated with a Western Electric 640-AA 
condenser microphone. A special probe-tube 
microphone monitored the SPL at the en- 
trance of the external auditory meatus 
(Corso & Oda, 1961). As in the bone- 
conduction system O was provided with the 
head-monitoring device and wore an acoustic 
muff over the nontested ear. All tests, both 
air and bone, were conducted in an anechoic 
chamber equipped with a two-way voice 
communication system and a closed-circuit 
television system. 

Procedure, —For air conduction, the 18 Os 
were subdivided randomly into three groups 
of 6; for bone conduction, the 30 Os were 
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subdivided randomly into five groups of 6. 
All groups were given two 1-hr. test sessions. 
In the practice sessions, both air- and bone- 
conduction thresholds were established at 
1,000 cps, 2,000 cps, and at two other pre- 
determined frequencies as shown in Table 1. 
All Os also made equal-loudness judgments 
in both the practice and test sessions, match- 
ing a given frequency toa 1,000-cps standard. 
In the first test hour, the judgments were 
made at a 20-phon loudness level; at the 
second, a 10-phon loudness level. 

Equal-loudness contours were obtained by 
the method of limits as moditied by Thorne 
(1934), with two categories of response. 
Two ascending and two descending series 
were presented in random order, after a 
descending practice trial. The standard 
stimulus was always 1,000 cps at the appro- 
priate loudness level. Both the standard 
and variable stimuli were Presented for 1.5 
sec. with a .5-sec. separation. An interval of 
approximately 2 sec. was allowed for O's 
response, The intensity of the comparison 
stimulus was changed in 1-db. steps and each 
series was terminated when O reported three 
consecutive judgments in the direction op- 
posite that for the beginning trial, 


RESULTS 


In the analysis of data, the point 
of subjective equality (PSE) was 
determined for each test series and 
the mean value for the four series was 
taken as O's PSE for a given fre- 
quency. The results for air conduc- 
tion are presented graphically in Fig, 


TABLE 1 


DESIGN or STUDY or EQUAL-LOUDNESS CONTOURS 


Frequencies Tested (cps) 
Cond. 
Group 1 Group 2 Group 3 Group 4 Group 5 
Monaural Air Conduction 2,000 2,000 2,000 
(N = 18) 4,000 8,000 14,000 
5,650 11,300 16,000 
Subgroup n s " 
BoneiConducttón 2,000 2,000 2,000 2,01 
(N= 30) 4,000 8,000 14,000 57,000 85:000 
5:650 11,300 16,000 64,000 94,000 
Subgroup 2 © 9 5 5 6 


Note.—All groups were tested at threshold and at both 10- 


and 20-phon loudness levels. 
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1 which shows the contours without 
smoothing for the 0- (threshold), 
10-, and 20-phon loudness levels. 

In general, the curves of Fig. 1 
resemble those in the literature 
(Fletcher & Munson, 1933; Robinson 
& Dadson, 1957). The curves begin 
to close in beyond 10,000 cps, with 
the extrapolated point of convergence 
at approximately 17,000 cps. This 
suggests that uniform changes in 
sound pressure from 0 to 20 phons 
produce fairly uniform (linear) 
changes in the underlying loudness 
function for frequencies from 1,000 
cps to 10,000 cps, but that a nonlinear 
segment exists from 10,000 cps up- 
ward. It appears that the loudness 
function for air conduction terminates 
in the region of 17,000, i.e., near the 
upper limit of audibility, 
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The low threshold value at 8,000 
cps should also be noted. This in- 
crease in sensitivity has been reported 
in earlier studies (Corso, 1958, 1963a). 
Since the present data are derived 
from a free-field technique rather 
than minimum audible pressure, it 
may be concluded that the 8,000-cps 
"notch" can no longer be attributed to 
earphone coupling effects. 

The equal-loudness contours for 
bone conduction are shown in Fig. 2. 
Unlike the curves of Fig. 1, these 
curves are essentially parallel up to 
and including 16,000 cps and then 
converge at approximately 85,000 cps. 
À comparison of the curves in Fig. 1 
and Fig. 2 suggests that the under- 
lying loudness functions for air and 
bone conduction are not identical. 
While the two functions are probably 
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quite similar to approximately 14,000 
CPs, the loudness function for bone 
Conduction must extend well beyond 
that for air conduction. It should 
also be observed that for bone 
| conduction there is no increase in 
sensitivity at 8,000 cps, indicating 
that the air-conduction notch may be 
related to the functioning of a non- 
cochlear element such as the tympanic 
membrane or the ossicular chain. 
In Fig. 2 the surprising increase in 
— sensitivity at 94,000 cps isan anomaly. 
Moreover, the bone-conduction curves 
separate again at this point for no 
apparent reason. " 
For both air and bone conduction, 
the standard error of the mean (SE) 
at each frequency is fairly large. The 
values range from 1.3 to 7.8 db. for 
air conduction and from 1.5 to 5.0 db. 
for bone conduction. In most cases, 
the SEs for the threshold determina- 
) tion (0 phons) are smaller than those 


Equal-loudness contours for bone conduction. 


for the equal-loudness matches at 10 
and 20 phons. 


DISCUSSION 


The results of this study indicate that 
the equal-loudness contours for air and 
bone conduction are generally similar 
in form from 2,000 cps to approximately 
14,000 cps. However, the air-conduction 
contours appear to converge at 17,000 
cps, approximately, while the bone- 
conduction contours appear to converge 
at 85,000 cps, approximately. 

These findings, when considered in 
conjunction with the results of a study 
on pitch discrimination (Corso & Levine, 
1963), indicate that the auditory system 
is capable of processing loudness-dis- 
crimination information but not pitch- 
discrimination information for bone- 
conducted tones in the ultrasonic region 
from 20,000 cps to at least 85,000 cps. 
Pitch discrimination seems to fail near 
the upper limit of hearing by air conduc- 
tion, but equal-loudness judgments may 
be made reliably for at least another 
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four octaves. This suggests that the 
limit for pitch discrimination for both 
air and bone conduction is imposed by 
the neuroanatomical structure of the 
cochlea, whereas the limit for loudness 
discrimination in air conduction is im- 
posed by some peripheral structure of the 
auditory system, such as the ossicular 
uo available data indicate that the 
auditory mechanisms mediating pitch 
and loudness discrimination do not fail 
at the same upper frequency limit. 
When the limiting factor of the air- 
conduction system is by-passed by 
resorting to bone conduction, the range 
of frequencies over which the ear can 
respond in loudness is considerably 
greater than previously believed. 
Throughout this ultransonic range, when 
O is presented with a given frequency, 
he hears a tone whose pitch is equated to 
that of a bone-conducted sound at 
approximately 16,000 or 17,000 cps 
(Corso & Levine, 1963), but whose 
loudness may be made to vary. Caution 
should be exercised in interpreting the 
results of the present study on equal- 
loudness contours, however, since the 
signal levels in the ultrasonic region 
were relatively high and may have 
generated some extraneous cutaneous 
effects, thereby contaminating or sup- 
planting pure loudness judgments. On 
the other hand, it should be noted that 
no Os gave any indication that the 
stimulus cues to which they were re- 
sponding were other than auditory in 
nature. 
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A REVERSED PARTIAL-REINFORCEMENT EFFECT? 


WILLIAM B. PAVLIK AND PETER L. CARLTON 


Rulgers University 


The effects of partial- and continuous-reinforcement schedules were 


compared on both a between- and a within-Ss basis. 


Rats given either 


partial or continuous reinforcement in a lever-pressing situation (be- 
tween-Ss comparison) showed the usual partial-reinforcement effects; 
both greater resistance to extinction and higher terminal acquisition 
response rates were associated with partial reinforcement. The same 
pattern of results did not, however, appear when a within-Ss comparison 


was made. 


Rats exposed to both continuous- and partial-reinforcement 


schedules showed higher terminal acquisition performance in the partial- 
reinforcement condition, but showed greater resistance to extinction in 
the continuous-reinforcement condition. 


Grice and Hunter (1964) have 
recently pointed out that between-Ss 
Comparisons (ie., each S is exposed 
to but a single experimental condi- 
tion) yield stimulus intensity effects 
that differ from those obtained from 
within-Ss comparisons (ie. each S 
is exposed to more than one experi- 
mental condition). That a similar 
difference may occur in the study of 
the effects of reinforcement schedules 
in the instrumental-reward situation 
is suggested by a search of the 
literature and the results of the 
present study, 

Between-.Ss comparisons typically 
have shown that both higher levels 
of terminal acquisition performance 
and greater resistance to extinction 
are associated with schedules having 
lower densities (smaller percentages) 
of reinforcement (e.g, Goodrich, 
1959; Wagner, 1961; Weinstock, 
1958). Within-Ss comparisons, on 
the other hand, frequently have 
shown higher levels of acquisition 
Performance and greater resistance 
to extinction to be associated with 
higher density schedules (e.g., Clayton 
& Stevenson, 1961; Gollub & Urban, 
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1958). That such a difference in 
results is due to differences in experi- 
mental design is uncertain, however, 
as the studies involved typically 
have differed in other important 
respects. Most between-Ss compari- 
sons have involved discrete-trial situa- 
tions and have compared continuous 
reinforcement (CRF) groups with 
fairly high-density partial-reinforce- 
ment (PR) groups. Most within-.Ss 
comparisons, on the other hand, have 
involved free-operant situations and 
have used relatively low-density 
Schedules. An exception to the latter 
generalization is the recent runway 
study by Amsel, Mac Kinnon, Rashotte, 
and Surridge (1964), who showed, ina 
within-Ss comparison, that higher 
terminal running Speeds occurred in 
à stimulus condition associated with 
PR than in a different stimulus 
condition associated with CRF. None 
of these studies has, however, simul- 
taneously used both experimental 
designs; therefore, direct comparisons 
of the effects yielded by the two 
designs are not possible. 

Studies which have contrasted these 
experimental designs in a reinforce- 
ment-schedule context have been re- 
ported by D'Amato, Lachman, and 
Kivy (1958) and by Pavlik, Carlton, 
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and Hughes (1964). The former 
study showed, in a secondary-rein- 
forcement situation, that the rela- 
tionship of the strength of a secondary 
reinforcer to the training schedule 
of primary reinforcements depended 
upon the experimental design. The 
CRF gave stronger secondary rein- 
forcement on the basis of a within-.Ss 
comparison, but PR gave Stronger 
secondary reinforcement with a be- 
tween-Ss comparison. Pavlik et al. 
report a similar pattern of effects in 
a runway situation; resistance to 
extinction was greater following PR 
in the between-Ss comparison, but 
tended to be greater following CRF 
in the within-Ss comparison. 

The present study was designed 
to shed additional light on this 
problem by Comparing the effects 
of CRF and PR reinforcement sched- 
ules in both between-Ss and within- 
Ss experimental designs, Although a 
free-operant situation was used, a 
relatively high-density PR schedule 
(VR-3) was employed so as to 
enhance comparability to the typical 
between-Ss study. 


METHOD 


Subjects.—The Ss were 24 naive male rats, 
180-200 gm. at the start of the experiment, 
which were purchased from Sprague-Dawley, 
Incorporated. 

Apparatus.—A standard two-lever Grason- 
Stadler response chamber was used. The 
sound-insulated chest housing the chamber 
contained a Gerbrands pellet dispenser that 
could deliver 45-mg. Noyes pellets into the 
food cup mounted in the response chamber. 
Attendant automatic Programing equipment 
was used to instrument the reinforcement 
contingencies to be described. 

The houselight ordinarily used with this 

apparatus was disconnected. Tumi ition 
was provided by either the white cue light 
mounted over the right-hand lever or the red 
cue light mounted over the left-hand. lever, 
Such illumination defined the discriminative 
oue uli involved in the within-Ss comparisons 
Se bad below. Throughout the experi- 


mental sessions, white noise (from a Grason- 
Stadler noise generator set at —15 db.) was 
delivered to the speaker mounted on the 
response chamber. 

Procedure.—The experimental procedure 
can conveniently be divided into three phases. 
In Phase 1 of the experiment, Ss were placed 
on a deprivation regimen under which they 
received a daily ration of 10 gm. of standard 
Purina lab chow. On those days on which § 
received food in the response chamber, the 
home-cage ration was adjusted so that the 
total amount of food (Noyes pellets plus lab 
chow) came to 10 gm. The home-cage ration 
was administered 30-60 min, after the daily 
experimental sessio 

On the fourth day following the beginning 
of the deprivation regimen, Day 4, each S 
was placed in the response chamber for 30 
min. During this time, pellets were delivered 
automatically at a rate of 2/min. On Day 5, 
each S again was placed in the response 
chamber for 30 min. During this period, 
pellets could be obtained only by S's pressing 
the right-hand lever. Each lever press 
delivered. one pellet (CRF), Day 6 was 
identical with Day 5 except that the session 
was terminated when .S had received a pre- 
determined number of pellets. This number 
was adjusted for each § so that the total 
number of pellets received on Days 5 and 6 
was 250 for each S, 

Phase 2 began on Day 7. The Ss were 
randomly assigned to four groups of 6 Ss each, 
For Group 1, depressions of the right-hand 
lever led to the delivery of pellets on a CRF 
schedule. The Ss in Group 2 received pellets 
on a PR schedule such that an irregular one 
third of lever presses led to the delivery of a 
pellet. ‘Thus, Groups 1 and 2 provide for 
conventional between-Ss comparisons of the 
effects of the schedules. 

Group 3 and Group 4 Ss were exposed to 
both reinforcement schedules, and thus pro- 
vided within-Ss comparisons. For three of the 
Ss in each of these groups, illumination of the 
white cue light was associated with CRF 
and the red cue light with the PR schedule. 
The reverse correlation of cue light with 
schedule obtained for the other three Ss in 
each of these groups. 

Experimental sessions in Phase 2 were of 
10-min. duration for Ss in Groups 1 and 2, 
and of 20-min. duration for Ss in Groups 3 
and 4. The 20-min. sessions for Groups 3 and 
4 involved 10-min. exposure to each of the 
reinforcement Schedules, thus permitting 
direct comparisons to be made with Groups 
land2. All groups were given such sessions 
on Davs 7-10. 
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Phase 3 took place on Day 11 and was 
identical in all respects to Phase 2 except that 
no pellets were delivered. During this single 
extinction session, the pellet hopper was 
empty; the magazine continued to operate 
as usual. Groups 1 and 2 received 10 min. of 
extinction; Groups 3 and 4 received 20 min. 
of extinction, 10 min. with the cue light asso- 
ciated with CRF and 10 min. with the cue 
light associated with PR. This again pro- 
vided for direct comparisons of Groups 3 
and 4 with Groups 1 and 2. 

Throughout all three phases of the experi- 
ment for all Ss, the red and white cue lights 
were alternately illuminated. For Groups 1, 2, 
and 3 the white light was on for the first 30 
sec., the red for the next 30 sec., the white 
for the next 30 sec., etc. For Group 4 the 
red light was on for the first 30 sec., the white 
for the next 30 sec., ete. The Ss in Group 
4 were given their experimental sessions im- 
mediately following the completion of the 
sessions for Groups 1, 2, and 3. Although 
both cue lights were used, it should be em- 
phasized that only the right-hand lever op- 
erated the magazine. The left-hand lever 
was nonfunctional throughout the experiment, 


RESULTS 


To provide for similar statistical 
analyses of between- and within-Ss 
effects, Ss in Groups 1 and 2 were 
paired on the basis of their response 
rates during the last session of Phase 
1, prior to the introduction of the 
difference in schedules. Subsequent 
analyses were of difference scores. 
Between-Ss comparisons were made 
by subtracting the score for each 
CRF S in Group 1 from the analogous 
score of his paired PR S in Group 2. 
Within-Ss comparisons were made 
by subtracting the Score for each S 
in Groups 3 and 4 in the CRF condi- 
tion from his score in the analogous 
PR condition. 

Terminal acquisition performance.— 
The numbers of responses emitted 
in the last session of Phase 2 were 
taken to represent terminal acquisi- 
tion performance. Raw score means 
and SDs for the various groups are 
presented in Table 1. (Groups 3 


TABLE 1 


Raw Score MEANS AND SDs FOR TERMINAL 
ACQUISITION AND EXTINCTION 


PERFORMANCE 


Acquisition | Extinction 


Group | — e x 
| M | sp | M | SD 
1(CRF) | 110.7, 11.9 | 65.8 | 15.8 
2 (PR) | 259-5 | 40.1 | 119.0 | 38.1 
3&4(CRE)| 119.9 | 16.5 15,8 | 25.7 
3&4(PR) | 163.1 | 33.7 | 51.8 | 203 


and 4 have been combined as they 
differed only with respect to which 
cue light started the experimental 
sessions.) In the between-Ss com- 
parison, each Group 2 S responding 
under the PR schedule emitted more 
responses than did his paired CRF 
S in Group 1. The mean difference 
(148.8) was reliably different from 
zero (P = .02 by Wilcoxon's T test). 
As far as the between-Ss comparison 
is concerned then, PR led to higher 
terminal acquisition performance than 
did CRF. 

Comparable results were obtained 
from the within-Ss comparison. As 
indicated by the means in Table 1, Ss 
in Groups 3 and 4 tended to respond 
more in the PR condition than in the 
CRF condition. The mean of the 
difference scores (43.5) was reliably 
different from zero (P = .02 by Wil- 
coxon's T test). Although this dif- 
ference was reliable, it was not uni- 
form for all Ss. Four of the 12 Ss 
in Groups 3 and 4 emitted more 
responses in the CRF condition than 
in the PR condition, These four 
inversions were, however, the smallest 
difference scores obtained. 
_ À comparison of the mean 
tion scores in Table 1 indicates that 
the number of responses emitted by 
Group 1 (M = 110.7) did not differ 
appreciably from the number emitted 
by Groups 3 and 4 Ss in the stimulus 


acquisi- 
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condition associated with CRF (M 
— 119.9). 'These means do not differ 
when evaluated by the U test. In 
contrast, Group 2 Ss emitted more re- 
sponses (M — 259.5) than did Groups 
3 and 4 Ss in the stimulus condition 
associated with PR (M = 163.4). 
'These means differ reliably (p « .001 
by the U test). 

Thus, PR led to reliably higher 
rates of responding during acquisition 
in both the between- and within-Ss 
comparisons. Further, Ss exposed to 
both PR and CRF responded, during 
the CRF condition, in a manner 
comparable to Ss exposed only to 
CRF for a similar time period; how- 
ever, they emitted fewer responses 
during the PR condition than did 
Ss exposed only to PR for the same 
length of time. 

Extinction performance.—The data 
obtained during the extinction session 
are summarized in Fig. 1. Each bar 
in the left-hand portion of the figure, 
obtained by subtracting the number 
of responses emitted by an S in Group 
1 from the number emitted by its 
paired S in Group 2, provides an 
estimate of the usual between-Ss 
partial-reinforcement effect (PRE). 
In each case, a greater number of 
responses was emitted in extinction 
by the S trained with PR (p = .02 by 
Wilcoxon’s test). (Group means and 
SDs are given in Table 1.) 

As the values in the right-hand 
portion of Fig. 1.indicate, the op- 
posite effect, a reversed PRE, was 
obtained from the within-Ss compari- 
son. These values were obtained by 
subtracting the number of responses 
emitted in the CRF stimulus condi- 
tion from the number emitted in the 
PR condition. Each bar represents 
the data from one S. With one 
exception, more extinction responses 
were emitted in the CRF stimulus 
condition than in the PR stimulus 


condition (p< .01 by Wilcoxon's 


PR mimus CRF Rs 


_ Fic. 1. Differences in resistance to extinc- 
tion for partial vs. continuous reinforcement 
conditions. (The left portion represents 
between-.Ss comparisons, each bar depicting 
the difference between a single matched pair 
of Ss. The right portion represents within-Ss 
comparisons, each bar depicting the differ- 
ence between schedules for a single S.) 


test). (The single inversion amounts 
to one more response in the PR than 
in the CRF condition.) Means and 
SDs for the CRF and PR conditions 
are given in Table 1. 

It should be pointed out that the 
reversed PRE obtained with the 
within-Ss comparison was affected, to 
some extent, by the particular com- 
bination of cue-light arrangements 
used. The three Ss who had the 
white cue light as both the CRF con- 
dition and the light that started each 
session yielded much larger reversed 
PREs than did any of the Ss in the 
other three combinations of CRF 
stimulus and starting stimulus. These 
other combinations appear not to 
differ. 

Although the extinction responding 
of Group 1 (M = 65.8) tended to be 
less than that of Groups 3 and 4 Ss 
in the CRF condition (M = 75.8), 
this difference did not attain signifi- 
cance by the U test. However, 
extinction responding by Groups 3 
and 4 Ss in the PR condition (M 
— 51.8) was reliably less than that of 
Group 2 Ss (M — 119.0), p = .002 
by the U test. 


DISCUSSION 


The usual between-5s PREs were ob- 
tained in this study; both terminal ac- 


-— _ 
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quisition response rates and responses 
in extinction were greater with PR than 
with CRF schedules. Divergent results 
were obtained when these comparisons 
were made on a within-Ss basis. Ter- 
minal acquisition response rates were 
greater, but responses in extinction were 
fewer under the PR condition. 

As mentioned above, the reversed 
PRE in extinction for the within-Ss 
comparison was affected by the combi- 
nation of cue lights used. Those Ss for 
whom the white cue light was both the 
starting color and the CRF condition 
yielded larger reversed PREs than did 
Ss in any other cue-light combination. 
There would appear to be two factors 
operating to produce this interaction. 
First, since it is reasonable to assume 
an overall decline in response rate during 
the extinction session, regardless of 
stimulus condition, that stimulus that 
started the session would tend to be 
correlated with the greater number of 
responses, regardless of schedule. When 
the starting stimulus was also the CRF 
stimulus, a greater reversed PRE should 
be expected. If this were the only factor 
operating, however, then Ss for whom 
the red cue light was both the starting 
and CRF stimulus should show dif- 
ferences as large as those shown by Ss 
for whom white was the starting and 
CRF stimulus. This was not the case. 
It seems likely that a second factor af- 
fecting our results is based upon the facts 
that (a) the right-hand lever was the one 
on which all reinforcements were sched- 
uled, and (b) the white cue light was 
mounted directly above the right-hand 
lever. This spatial correspondence of 
which cue light and relevant lever, and 
the fact that the Grason-Stadler equip- 
ment is prewired so that the cue light 
blinks with the delivery of a reinforce- 
ment, would tend to maximize the 
secondary reinforcing properties of the 
white cue light relative to those of the 
red cue light, which is mounted several 
inches from the right-hand lever. The 
enhanced secondary reinforcing proper- 
ties of the white cue light should produce 
a larger reversed PRE when white was 
the CRF stimulus. . 

It was also found that terminal 


acquisition response rates under PR 
were less in Ss exposed to both PR and 
CRF schedules (Groups 3 and 4) than 
in Ss exposed only to the PR schedule 
(Group 2). This could be due to the 
fact that Groups 3 and 4 Ss were given 
20-, rather than 10-min. sessions. Any 
within-sessions decline due, for example, 
to progressive satiation, would tend to 
reduce response rate during the session. 
Unfortunately, our recording procedure 
did not permit a direct assessment of 
within-session rate changes. In any 
event, the lack of a comparable rate 
difference under the CRF conditions 
(Group 1 vs. Groups 3 and 4 CRF 
responses) suggests that PR responding 
is more susceptible to whatever within- 
sessions declines may have been op- 
erating than is CRF responding. A 
greater susceptibility to satiation of 
responding maintained by lower densi- 
ties of reinforcement has been reported 
elsewhere (Carlton, 1961; Patrikiou & 
Keehn, 1964). 

The above interpretation does not, 
however, account for the similar pattern 
of results obtained in extinction. Again, 
Groups 3 and 4 Ss showed a depression 
of response rate in the PR condition 
when compared with Group 2, but a 
slight, insignificant enhancement of per- 
formance in the CRF condition when 
compared with Group 1. Obviously, 
progressive satiation effects could not 
have been operating during extinction. 

This pattern of extinction results 
indicates that the reversed PRE ob- 
tained from the within-Ss comparison 
was largely due to a depression of per- 
formance in the PR condition without a 
comparable depression (in fact, a slight 
enhancement) of performance in the 
CRF condition. A similar pattern of 
results has been obtained in other 
situations (Clayton & Stevenson, 1961; 
Gollub & Urban, 1958) In both of 
these studies each animal was trained to 
respond in two stimulus conditions, each 
stimulus being associated with a different 
reinforcement density. Reinforcements 
were then discontinued in both condi- 
tions. The results of both of these 
within-Ss evaluations of the effects of 
prior reinforcement density on extinc- 
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tion are in agreement with ours; greater 
numbers of responses were emitted in the 
stimulus associated with the higher 
density of reinforcement. Unfortunately, 
these experiments did not include animals 
that were exposed to only one of the 
reinforcement schedules. Direct com- 
parisons of the effects of within vs. 
between effects are therefore not possible. 
Accordingly, one cannot determine 
whether the divergence in extinction 
responding of animals exposed to both 
reinforcement schedules was due to a 
depression of responding in the stimulus 
associated with a low reinforcement 
density, an augmentation of responding 
in the high density component, or a 
combination of these. 

The general nature of our data im- 
mediately suggests that a “contrast” 
effect is involved (cf., Reynolds, 1961, 
1963). Studies of contrast typically 
involve training animals to respond to 
different stimuli, each associated with a 
different density of reinforcement. Re- 
inforcement density in one of these 
stimuli is then varied while the density 
in the second is held constant. ‘Con- 
trast” is reflected by changes in respond- 
ing in the second component that are 
opposite to the changes produced in the 
first component. Although our pro- 
cedures are not identical to those opera- 
tions that typically define "contrast," 
it could be argued that the depression of 
responding in the PR component, in 
both acquisition and extinction, is in 
some way due to a "contrast" with the 
CRF component. The magnitude of the 
"contrast" could presumably be meas- 
ured in terms of the deviation of the PR 
and CRF responding of the animals ex- 
posed to both schedules from the corre- 
sponding performance of the animals ex- 
posed to only one of the schedules. 

An interpretation in terms of ''con- 
trast" leads to the expectation that the 
acquisition PR responding of the animals 
exposed to the two schedules would be 
depressed with respect to those exposed 
only to PR; this expectation is borne 
out. Similar considerations lead to the 
expectation that. for the animals given 


both CRF and PR, their CRE re 
sponding should be relatively inflated. 
There was, however, only a nonsig- 
nificant suggestion of just such an ef- 
fect. The failure to find a significant 
effect on CRF responding could have 
been due to a "ceiling" on the CRF 
responding in acquisition; the animals 
may simply have been unable to lever 
press and eat the subsequently delivered 
pellet at an appreciably higher rate. In 
extinction, it might also be expected 
that, in the within-Ss comparison, CRF 
responding would be inflated and PR 
responding depressed relative to the 
between-Ss comparison. Only the sec- 
ond of these results was obtained. The 
limitation of a "ceiling" on CRF be- 
havior would not, obviously, apply. 
Reynolds (1963) has found, however, 
that "contrast" effects are minimal when 
the schedule to be "contrasted" is 
characterized by a high density of rein- 
forcement. The minimal effects on 
responding in a stimulus previously as- 
sociated with CRF may, therefore. 
reflect a carry-over of attenuated ''con- 
trast” into extinction. 

It should be pointed out that there 
are few, if any, explanatory advantages 
in merely labeling our results as an 
instance of contrast. Because contrast, 
although an important phenomenon, 
is not well-understood, the simple cate- 
gorization of our data as contrast adds 
little to the analysis. 

A somewhat different interpretation 
of our data is possible. The main effect 
we have obtained is a depression of 
responding, in both acquisition | and 
extinction, to the stimulus associated 
with PR. One possibility is that, in 
this stimulus, animals “wait” for the 
higher density reinforcement contingency 
scheduled in the CRF stimulus. That 
animals can, in fact, anticipate impend- 
ing changes in reinforcement schedule 
is clearly illustrated in two studies by 
Pliskoff (1961, 1963). This interpreta- 
tion is made especially tenable by the 
fact that the intervals of exposure were 
as short as 30 sec. 

This interpretation does not account, 
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of course, for the mechanisms that con- 
trol “waiting” by the within-S animals 
in the PR stimulus. It does, however, 
lead to a simple prediction. If the 
contingencies involved in switching from 
one stimulus to the other (from CRF to 
PR and vice-versa) are time based, then 
the animals can simply "wait" for a 
high-density schedule to be instated. 
This effect would be maximized by the 
short stimulus periods we have used. 
In contrast, the depression of responding 
in the PR stimulus should zot be obtained 
when the switch from one stimulus to 
another is response based rather than 
time based. An experiment now in 
progress indicates that this is indeed 
the case. 

One final point warrants comment- 
From a purely biological point of view, 
the within-Ss variation in reinforcement 
contingencies seems to represent a sub- 
stantially more probable state of affai 
It is difficult to conceive of an animal 
that, in a natural habitat, is exposed to 
only one reinforcement contingency. 
And, in this context, it is important to 
bear in mind that organisms, laboratory 
and otherwise, have evolved in such an 
environment. From this purely bio- 
logical point of view, our results are 
intuitively reasonable; organisms should 
extinguish more slowly under circum- 
stances in which the probability of rein- 
forcement is highest. Also from this 
biological point of view, the typical 
between-Ss increase in responding in a 
stimulus associated with PR may very 
well represent an interesting and im- 
portant laboratory curiosity having very 
little relevance to the exigencies with 
which the animal, in its nautral environ- 


ment, must cope. 


s. 
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DISCRIMINATION SHIFTS AS A FUNCTION OF DEGREE 
OF TRAINING IN CHILDREN ! 


JAMES YOUNISS axp HANS G. FURTH 


Center for Research in Thinking and Language, Catholic University of America 


Children initially performed a 2-choice discrimination with variable 
irrelevant cues, either to criterion (CR) or with overtraining (OT) of 
15 and 25 trials. Subsequently 3 of the Ss performed a reversal shift 
and 4 an extradimensional nonreversal shift. No shift difference was 
observed after CR; however, after OT, reversal, but not nonreversal 
shift, was facilitated with rapid acquisition of reversed responses. Data 
were accounted for by a dimension-specific mediating response which 
became stronger and a change in reinforcement which became more 


discriminable following OT. 


Investigators have consistently ob- 
served that college students made 
reversal shift with less difficulty than 
extradimensional nonreversal shift (cf. 
Kendler & Kendler, 1962) while rats 
and young children found reversal 
to be the more difficult shift (Kelleher, 
1956; Kendler, Kendler, & Wells, 
1960). In addition to replicating the 
greater difficulty for reversal shift in 
rats, some investigators (Brookshire, 
Warren, & Ball, 1961; Mackintosh, 
1962) reported that overtraining facili- 
tated performance of reversal but 
not of nonreversal shift. 
These latter observations suggest 
the interesting possibility that rela- 
tive shift difficulty might interact 
with degree of training through a 
selective facilitation of reversal shift 
due to overtraining. Further sug- 
gestive evidence for such an expecta- 
tion comes from a recent study with 
children (Furth & Youniss, 1964) 
which found that a reversal-type 
of intradimensional shift was made 
easier, while an extradimensional shift 
was little affected, by overtraining. 


The present study was designed to 
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1 This rese 


test directly for the effect of over- 
training on type of shift in children 
within a previously employed reversal- 
nonreversal shift paradigm. 


METHOD 


Design.—A 3X2X2 factorial design 
included three amounts of postcriterion 
overtraining—0, 15, or 25 trials—and two 
shifts—either reversal (R) shift or extra- 
dimensional nonreversal (NR) shift. Addi- 
tionally one half the Ss were trained on a 
form-relevant discrimination while the other 
half were trained on a color-relevant problem. 

Subjects.—From the first grade of a public 
elementary school 105 children were sampled, 
mean age = 77.12 mo., SD = 5.31; range 
69-96 mo. Of these Ss, 9 were eliminated 
for failure to learn the original discrimination. 

Material.—Stimuli were 24 wood cuts of 
six colors: red, yellow, white, green, blue, and 
black, and four forms: circle, ellipse, triangle, 
and square. The forms were constructed so 
that the circle's diameter (3 in.) was equal to 
the square's sides, ellipse's length, and tri- 
angle's height. 

The presentation tray, 14 X 8 in., was made 
of plywood and had two reward wells sepa- 
rated 8 in., center to center. A Masonite 
shield could be inserted in grooves in front 
of the wells between trials or behind the 
wells during trials. 

Procedure.—]ndividual testing, carried out 
in a quiet room during class hours, began 
with instructions that S was to find a token 
under one of the blocks each time they were 
shown and that when enough tokens were 
won he could exchange them for a nickel 


prize. 
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TABLE 1 
MEANS AND SDs OF TRANSFORMED TRIALS TO CRITERION IN TRAINING 


Degree of Training 


Relevant Dimension Shift 
0 Trials 15 Trials 25 Trials 
Color Reversal 1.96 (1.22) 2.63 (1.39) 2.18 (1.19) 
Form Reversal 2.62 (1.06) 2.87 (1.07) 2.20 (0.96) 
Color Nonreversal 1.82 (1.23) 2.22 (0.90) 2.45 (0.75) 
Form Nonreversal 1.97 (1.56) 1.90 (1.20) 2.39 (1.48) 


A variable-irrelevant training procedure 
(House & Zeaman, 1962) with noncorrection 
was used. Each S was assigned in order of 
appearance to an experimental condition 
(N = 8). Further, S was assigned randomly 
a pair of cues from each of the color and form 
dimensions with the restriction that neither 
black and blue nor blue and green were paired. 
From one dimension a pair of cues was made 
relevant; i.e., one member of this pair was 
associated with reward on every trial while 
the other member was not rewarded. A pair 
of cues from the other dimension was un- 
correlated with reward since each member 
would appear equally often with each member 
of the relevant pair over trials. A predeter- 
mined order of stimulus presentation for 30 
trials counterbalanced position of the four 
cues. 

If S failed to reach a criterion of 9 correct 
responses in 10 consecutive trials within a 
maximum of 30 trials he was eliminated from 
the study. For those Ss who attained the 
criterion, 0, 15, or 25 overtraining trials 
were administered as a continuation of 
training. 

Noncorrected shift trials began immediately 
after overtraining or criterion. Variable- 
irrelevant cue conditions prevailed on these 
trials also (House & Zeaman, 1962). For R 
shift that pair of cues which was relevant 
during training remained relevant but reward 


was switched from one to the other cue 
member which was previously unrewarded. 
Additionally two new cues from the previ- 
ously irrelevant dimension were introduced in 
lieu of the previously irrelevant pair and 
these cues were also irrelevant. Thus, when 
color was relevant in training with red 
rewarded vs. blue unrewarded and circle and 
triangle were irrelevant, blue was reinforced 
during shift trials with square and ellipse 
irrelevant. 

For NR shift the pair of cues which was 
irrelevant in training was made relevant on 
shift trials with one member consistently 
associated with reward. Two new cues 
replaced the previously relevant pair and 
these were made irrelevant. Thus, using the 
above example, circle and triangle which 
were irrelevant in training were now relevant 
for NR shift while yellow and green, made 
irrelevant, replaced red and blue. 

Introduction of new cues was designed so 
that NR shift would not be impeded through 
partial reinforcement of the correct training 
response (House & Zeaman, 1962) and 
consequently to control for introduction of 
new cues in the R shift conditions. 

Shift trials continued until S attained 9 
correct of 10 successive responses or until a 
maximum of 50 trials was given. Upon 
completion of the shift series S was allowed 
to exchange the accumulated tokens for a 


TABLE 2 
MEANS AND SDs OF ‘TRANSFORMED TRIALS TO CRITERION FOR SHIFTS 


Degree of Training 


Relevant Dimension Shift 
9 Trials 15 Trials 25 Trials 
Hh. co. Eme 
Reversal 2.77 (1.05) 1.56 (1.23) 2.16 (0.97 
Form Reversal 2.96 (1.07) 1.56 (0.69) 1.22 (0:36) 
Color Nonreversal 1.89 (1.38) 2.49 (1.87) 2.40 (1.31) 
Form Nonreversal 2.49 (1.16) 2.50 (0.99) 2.46 (0.97) 
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prize of his choice and he was told not to 
inform other Ss about the game. 


RESULTS 


Trials to criterion, excluding the 
10 criterion trials, was the response 
measure for training and shift per- 
formance and since these scores 
yielded skewed distributions a 44-5 
transformation was applied before 
analyses of variance were computed. 
Means and SDs of transformed scores 
for training are reported in Table 1 
as a function of experimental condi- 
tions. The results of a three-way 
analysis of variance (Shift X Rele- 
vant Dimension X Degree of Train- 
ing) provided no reliable effects, 
indicating preshift equivalance among 
groups. 

For overtraining trials it was found 
that three Ss made one, two, and 
four errors, respectively, while the 
other 61 Ss who were overtrained 
made no errors during these trials. 

For shift performance no S required 
the maximum 50 trials. Transformed 
trials to criterion are reported in 
Table 2. A three-way analysis of 
variance yielded a reliable interaction 
of Shift with Degree of Training, 
F (2, 84) 2 4.65, p «.02, while 
no other reliable source of variance 
was found. Since the interaction 
indicated a differential effect of over- 
training on R and NR shift, £ tests 
were computed between R and NR 
shift at each degree of training. After 
criterial training no shift difference 
was found (4 = 1.64), while after 
either 15 or 25 overtraining trials R 
shift was found to require less trials 
than NR shift; f= 2.16, p « .05, 
and z= 2.07, p « .05, respectively. 

A further analysis of R shift. per- 
formance compared numbers of errors 
made in Trials 1-3 to those made in 
Trials 4-6 since it was previously 
reported (Furth & Youniss, 1964) 


that overtrained Ss, but not Ss 
trained only to criterion, showed a 
significant decline in errors from the 
first to the second 3 trials of the 
reversal series. In the present study 
there were 48 possible errors in a 
3-trial block per degree of training 
condition. For Ss given no over- 
training a drop in errors from 36 to 27 
was observed from the first to the 
second 3-trial block; this change 
proved to be nonreliable according 
to the Wilcoxon matched-pairs test. 
For Ss overtrained 15 and 25 trials, 
changes in errors from 29 to 9 and 
from 30 to 10, respectively, indicated 
reliable (p < .01 in both cases) drops 
in errors from the first to the second 
3-trial block. 


DISCUSSION 


The observed interaction of relative 
shift diffculty with degree of training 
obtained with trials to criterion agrees 
with the findings of Brookshire et al. 
(1961) and Mackintosh (1962) for rats 
as well as with Furth and Youniss’ 
(1964) observation with children. Spe- 
cifically, these data suggested a selective 
facilitation for R shift following over- 
training, and this result was obtained 
in the present study along with the 
absence of a facilitating effect of over- 
training on NR shift. 

This interaction of type of shift with 
degree of training and comparisons on 
early reversal trials between overtrained 
and nonovertrained Ss support a mediat- 
ing-response model of discrimination 
learning. With training beyond cri- 
terion a dimension-specific response may 
have been strongly established so that 
during shift trials, once old responses 
were abandoned, new responses were 
made to cues within the initially relevant 
stimulus dimension. After criterial train- 
ing this inferred dimension-specific medi- 
ator was probably less well established, 
hence new responses were not so readily 
directed to the relevant dimension. 
This interpretation can be considered 


er 
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compatible with cither House and Zea- 
man's (1962) position or Kendler and 
Kendler's (1962) analysis of dimension- 
specific mediators. Since these authors 
have postulated that a mediating re- 
sponse which helps to identify the rele- 
vant dimension can be established 
through reinforcement of overt choices 
during training, it should follow that 
overtraining provides a mediator of 
greater strength than that established 
with criterion training only. 

This interpretation, however, does 
not rule out other possible training 
effects on shifts. The immediate sharp 
decline in errors observed with over- 
trained Ss in R shift suggests a rapid 
extinction of old overt choices after a 
change in reinforcement on early reversal 
trials. This change in reinforcement 
was probably more easily recognized 
as a cue for response change after a long 
series of 100% reinforced overtraining 
than after criterial training (Capaldi 
& Stevenson, 1957; Youniss & Furth, 
1964a). Thus, two factors—a dimen- 
sion-specific response coupled with ob- 
served change in reinforcement—might 
reasonably explain the alteration in 
reversal-shift difficulty as a function of 
overtraining. 

Concerning extradimensional shift, it 
might be expected that with overtraining 
the dimension-specific response should 
have impeded performance since this 
mediator inappropriately identified ir- 
relevant cues (cf. House & Zeaman, 
1962). However, the cue for reinforce- 
ment change was available in this shift 
also, so that one effect could have 
counteracted the other, leaving extra- 
dimensional shift difficulty relatively 
unchanged across degrees of training. 

Present data are in substantial agree- 
ment with a growing number of studies 
which demonstrated reversal facilitation 
after overtraining in children (Furth & 
Youniss, 1964; House & Zeaman, 1962; 
Youniss & Furth, 1964a, 1964b). This 


consistent overtraining effect of relative 
ease of extinguishing old responses and 
acquiring reversal responses supports a 
double-unit model of discrimination learn- 
ing. Apparently overt choices on the 
preshift task are increasingly controlled 
by implicit responses established with 
increased training and not alone by 
individual S-R bond strengths, and 
subsequently the implicit responses 
mediate in shift performance. 
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another implies that prior information 
is available to the individual (assuming 
he does not use some external chance 
device such as flipping a coin). The 
information may be incorrect, a function 
of bias, set, even black magic, but some 
set of cues decides the individual. Once 
the decision has been made, numerous 
hypothetical mechanisms ranging in 
elegance from “rationalization” to ‘“‘cog- 
nitive dissonance” can be invoked to 
account for a still greater increase in 
certainty prior to the first piece of 
information. 
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FIXATION TIME AS A FUNCTION OF STIMULUS UNCERTAINTY 


JAMES ALLISON 


Indiana University 


46 Ss were adapted to 1 of 3 levels of stimulus uncertainty, then tested 


at 1 of the 3 levels. 


Ss shifted upward fixated the test stimuli longer 


than Ss shifted downward, and this effect increased with the magnitude 


of the shift (p < -01). 


Ordinarily, experiments showing that Ss 
select or orient toward stimuli which are 
relatively novel, complex, or uncertain (e.g., 
Berlyne, 1958; Fantz, 1958; Jones, 1964) do 
not manipulate systematically S's pretest 
adaptation to the stimulus dimension. Fre- 
quently S's adaptation level is uncontrolled, 
leaving little or no opportunity to determine 
for any S whether a test level represents an 
increase, a decrease, or no difference from his 
adaptation level. In the present experiment 
three sets of stimuli, ordered in uncertainty, 
were used as adaptation and test stimuli. 
Some Ss were adapted to Set 1 (low uncer- 
tainty), some to Set 2 (intermediate), and 
some to Set 3 (high). The dependent variable 
was the total time S fixated stimuli available 
during the test period. Those Ss shifted up- 
ward between adaptation and test were ex- 
pected to fixate longer than Ss shifted down- 
ward, and this effect was expected to increase 
with the magnitude of the shift. That is, a 
monotone increase in total fixation time 
should occur across the following five groups, 
where the first number in each dyad identifies 
the adaptation set, the second the test set: 
(a) 3,1; (b) 2,1; 3,2; (c) 1,1; 2,2; 3,3; 
(d) 1, 2; 2, 3; (e) 1, 3. 

Method.—The stimuli were several 1 X 4 
in. bits of paper. Set 1 (low uncertainty) 
consisted of 42 identical white stimuli. Set 2 
(intermediate) consisted of 14 whites, 14 
identical blues, and 14 identical reds. Of the 
42 stimuli in Set 3 (high) no two were iden- 
tical, each forming a unique combination of 
Munsell hue, brightness, and saturation. 

The stimuli were presented. tachisto- 
scopically, appearing successively in a Le : 
in. aperture against à homogeneous, ind 
gray ground. During the adaptation perio 
each stimulus was illuminated for 5 sec., and 
the interstimulus interval was à 15-sec. period 
of darkness, During the test period S con- 
trolled the length of time each stimulus was 
illuminated by means of à telegraph key, in 


circuit with the lighting system and a .005- 
sec. Standard Electric clock. 

During the adaptation period (14 min.) .S 
was presented with one complete set of 
stimuli over 42 trials, one stimulus per trial. 
Following the adaptation period S rested for 
approximately 3 min. in a room adjacent to 
the experimental room. Upon returning for 
the test period, S was told that this time he 
would control the length of time each stimulus 
was illuminated, by pressing the telegraph 
key. When S was through looking at a given 
stimulus he would release the key, blacking 
out the tachistoscope. The E would then 
move the next stimulus into position, signal 
to S, who would press the key again, etc. 
The instructions emphasized that S was free 
to look at any stimulus for as long as he 
pleased, and that he was free to end the ex- 
periment whenever he liked. The E recorded 
the length of time S illuminated each stimulus, 
and summed these times to obtain total 
fixation time. 

Stimuli in Set 3 were presented in a ran- 
dom order. Set 2 was randomized within 
blocks of 15,15,and 12 trials, with the 
restriction that the three colors appear equally 
often within each block. One order of 
presentation was used for all Ss, and for both 
periods. 

The Ss were 46 students from introductory 
psychology courses at the University of 
Michigan. The experimental design was a 


TABLE 1 
MEDIAN Torar FIXATION Time (SECONDS) 


Test Set 
Adaptation ig 
Set 

1 2 3 
1 46 40 72 50 
z 14 34 48 36 
3 22 34 37 30 

32 34 55 
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3 x 3 factorial with three levels of stimulus 
uncertainty during adaptation, and three 
during the test. The number of Ss in each 
cell varied from four to six. 

Results and discussion —The Ss shifted 
from a lower to a higher level of uncertainty 
fixated longer than those shifted from a higher 
to a lower level, and this effect increased with 
the magnitude of the shift. Medians for the 
five appropriate groups were 22, 25, 37, 47, 
and 72 sec. (Kendall’s tau = .25, z = 2.47, 
p < .01). The fundamental point of this 
paper is illustrated by the marginal entries in 
Table 1, which reflect the main effects of the 
adaptation stimuli and the test stimuli. It is 
clear that each of these effects is partially 
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confounded with the shift effect. For ex- 
ample, Test Set 3 represents an average 
upward shift by one level, while Test Set 1 
represents an average downward shift by one 
level. Because the confounding is not com- 
plete, neither main effect takes maximum 
advantage of the shift information. 
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"ECTS OF LOW DRIVE STATES 
NG RESPONSES! 


CHARLES Y. NAKAMURA axp WILLIAM E. BROEN, JR. 


University of California, Los Angeles 


The effect of drive reduction, within the range of low drives, on the 


probability of à competing response was further explored. 
Prior evidence that drive reduction facilitates a com- 


college males. 


Ss were 


peting response was supported, but only under conditions where response 


strengths met certain theoretical boundary requirements. 


The results 


indicate that it is critically important in this type of experimentation 
to provide considerable control for establishing the strengths of the 


relevant responses. 


The hypothesis that a reduction of drive 
below an already low drive level would lead to 
an increase in the probability of a competing 
supported by a previous experi- 

ment (Nakamura & Broen, 1965). The pres- 
ent experiment was intended to test the 
stability of the findings. Certain procedural 
modifications were introduced to increase the 
efficiency of experimentation. a 

In the earlier experiment, .Ss were initially 
trained with reinforcement probabilities of .5 
for the competing response and of .8 for the 
dominant response with the objective of 
establishing a clearly dominant response, 
which was not so superior in habit strength 
that the probability of an increment in the 
competing response would be negligible under 
the amount of drive reduction used. If the 
dominant response were too strong, the 
prediction of an increase in probability of the 
competing response may not apply for at 

1 The authors wish to thank Fred Shima for running 


ss and tabulating data. This research was supported 
by funds from the University Research Committee. 


response W 


least two reasons: (a) The strengths of the 
dominant and competing responses may be 
so far. Apart that the relative response 
probabilities would not be altered by small 
changes in drive level; and (b) If the com- 
peting response is initially very weak, it could 
go below threshold with reduction in drive 
level and the response probability could thus 
decrease, or not change at all, instead of being 
facilitated by the drive reduction. In order 
to assure an adequate dominant response, a 
learning criterion of 70% dominant responses 
by the end of the training trials was selected. 
These procedures, used in the previous experi- 
ment, resulted in a high rate of rejection of Ss. 
Therefore, the present experiment used 
simpler responses so that more Ss might 


reach criterion. 

Method.—The Ss were 52 males from an 
introductory psychology course who reached 
the criterion of 70% dominant responses over 
the last 30 trials of training. Not used were 
18 Ss who did not reach criterion. 
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Except for the modification of the finger- 
response unit, the apparatus was the same 
in the previous experiment (Nakamura & 
Broen, 1965). The response unit comprised 
a plate with two 3-in. diameter holes. Each 
hole contained a contact pin that activated a 
transistor relay circuit which operated impulse 
counters. 

Throughout the experiment 5 responded 
while lying on a couch. Starting with fore- 
finger on a marker point between the two 
holes, S made a finger movement, right or 
left, to contact either pin. These alternative 
responses were presumed to be conceptually 
simpler than the move or not-move responses, 
in the previous study, which could begin from 
either the right or left pin on each trial. 

The S was instructed to make the correct 
response following each start signal (high- 
frequency tone). Each correct response would 
be followed by another tone (low frequency) 
and incorrect responses by no tone. The S 
received 150 training and 120 test trials. 
Training and test sessions were separated by 
4 min. during which the relaxation group 
received relaxation exercises and the control 
group solved a mental task. The reinforcement 
conditions remained the same over both train- 
ing and test trials. All 5s were told that the 
task in the second session was to be identical 
to that in the first. Finally, each S was asked 
to rate his degree of relaxation in each of the 
preceding two sessions on a 9-point rating 
scale ranging from not relaxed to very relaxed. 
A detailed account of these procedures is 
given elsewhere (Nakamura & Broen, 1965). 

Results and discussion.—The Relaxation 
ratings provide evidence that the treatment 
was effective. The Ss in the Relax groups 
rated themselves as more relaxed in the second 
compared to the first session than did the 
Nonrelax Ss, F (1, 48) = 11.65. This finding 
is consistent with the trend of the results in 
the previous study (Nakamura & Broen, 
1965). 

The use of simpler responses did increase 
the efficiency of training. The criterion was 
met by 74% of the Ss compared to 36% in 
the earlier study. However, this also pro- 
duced the more serious problem discussed 
above of too strong à dominant response, or 
conversely, a very weak competing response. 
Under the theoretical consideration, it was 
apparent that the competing response may be 
too weak to permit an adequate test of the 
hypothesis. Accordingly, 1t was decided to 
divide Ss into two levels of competing response 
strengths; very weak (0-10%) and moderate 
(11-30%). The range of 0-10% as weak was 
selected prior to examination of the test- 


trials data. Moreover, since the analy 
Response Type was not 


sis of 
ignificant, it was 
excluded from the subsequent analyses to 
simplify the division of Ss into the two levels 
ot competing response strengths, based on the 
last 30 trials of training. This resulted in 9 
Ss in the Weik level and 17 Ss in the Moder- 
ate level of each treatment. 

The performances of the Treatment groups 
at the two levels of training are shown in 
Fig. 1. The mean percentages of competing 
response on training trials are at the left side 
of the graph; four blocks of 30 test trials are 
presented by the connected points. As can 
be seen by the curves, there is little indication 
of an overall Treatment effect and this was 
verified by several analyses. Four analyses- 
of-variance tests using difference scores (a) 
between the mean of the last 30 training trials 
and the mean of the 120 test trials, (b) be- 
tween training trials and Block 1 test trials, 
(c) between training trials and Block 4 test 
trials, and (d) between Block 1 and Block 4 
test trials yielded no significant Fs for the 
Treatment main effect. However, the Treat- 
ments X Levels interactions warranted fur- 
ther attention. The T X L interaction was 
significant, F (1, 48) = 10.34, for Analysis ¢ 
above. Examination of the curves in Fig. 1 
suggests that the source of this interaction is 
within the Moderate level of response strength 
where the boundary conditions of the theo- 
retical account are presumably best satisfied, 
and thus where the prediction should receive 
strongest support. Within this Moderate 
level the Relax group ends the test trials with 
mean competing response higher than the 
Nonrelax group after a gradual increase in the 
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Fic. 1. Mean percentage of competing responses in 
the last 30 training trials and over blocks of test trials 
for groups of Ss who attained weak and moderate 
strengths of the competing response by the end of 
training. 
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competing response, while the latter group 
shows a corresponding decrease. This locus 
of the above effect was confirmed by the 
significant result, F (1,32) = 11.50, of a 
specific comparison of these two Treatment 
groups within the Moderate level, while a 
similar test within the Weak level was not 
significant. The T XL interaction in 
Analysis d above between the means of the 
Block 1 and Block 4 test trials was just short 
of the .05 level of significance, F (1, 48) 
= 3.99. However, in the specific comparison 
of the Relax and Nonrelax groups within the 
Moderate level, the result was again signifi- 
cant, F(1, 32) = 4.45. In contrast the com- 
parison within the Weak level was not 
significant. 

Together, the results of these tests indicate 
that there was a Treatment effect in the 
predicted direction of increase in competing 
responses as a function of lowered drive in Ss 
that had attained a moderate strength of the 
competing response by the end of training, 
but this effect did not appear in Ss in whom 
there was established a weak strength of the 
competing response. Thus, these findings are 
consistent with the previous research and are 
compatible with the theoretical expectations 
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that where the dominant response is very 
strong and the competing response relatively 
weak, the latter may not be facilitated by a 
reduction in drive level because of too large 
a difference between the response strengths or 
because the strength of the competing re- 
sponse may go below threshold. 
On the basis of a subsequent experiment, 
a note of caution may be in order on the 
necessity for precise manipulation of drive 
levels in this type of experimentation. The 
experiment, designed to permit larger magni- 
tudes of drive reduction than in the present 
study, yielded nonsignificant results. Scores 
on the Relaxation Rating scale gave evidence 
that the relaxation treatment was not effec- 
tive under the conditions used (bright room 
lighting) to increase the training drive level. 
Unfortunately, the findings deserve no further 
discussion here since the results were con- 
founded by procedural changes in the finger 
responses. 
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RUNNING SPEED IN THE RAT AS A FUNCTION OF 
SHOCK LEVEL AND COMPETING RESPONSES! 


GEORGE A. CICALA anp J. R. COREY 


University of Delaware 


3 groups of rats were trained to escape shock in a straight alley under 3 
drive conditions: 90 v. (N = 7), 60 v. (N = 7), and alternated 60 and 


90 v. (N = 9). 


Under either the alternated or nonalternated condi- 


tions, removal of competing-response trials did not serve to reduce 
running-speed differences as a function of shock level. The results 


were relate 


d to those of Cotton (1953) and Cicala (1961) and were 


discussed in relation to Estes’ (1958) drive-stimulus theory. 


Recent studies (Cicala, 1961; Cotton, 
1953) have demonstrated that the removal 
of competing-response trials may reduce 
differences in asymptotic runway performance 
as a function of hunger-drive level. Estes 
(1958) has interpreted such results as favoring 
his drive-stimulus theory, in that removal of 
competing responses reduces the differential 
effects of extraneous vus present under 
i rivation conditions. : 
uy om has demonstrated that He 

effect is contingent upon training Ss under 


i " as supported by Grant MH- 
06723. qo rion the Public Health Service and represents, 
in art the junior author's MA thesis submitted to the 
faculty of the University of Delaware. 


alternated drive conditions, since groups 
trained under separate, nonalternated condi- 
tions continued to exhibit differences in 
performance as a function of drive level, even 
when competing responses were not consid- 
ered in the analysis. The purpose of the 
present study was to assess the generality of 
Estes’ drive theory for an escape-responding 
situation, utilizing alternated and non- 
alternated drive levels and observing the 
effects of competing responses. 

Method—A 6-ft., grid-floored, Plexiglas 
and aluminum straight runway with inter- 
changeable goal boxes was used. Shock was 
delivered to the grids of the start box a? 
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Fic. 1. Comparison between Cicala's (1961) data and the results of the present study. 
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(Running speeds 


‘as a function of drive level and the presence of competing-response trials are plotted in each case.) 


main runway by means of a matched-imped- 
ance, scrambled ac shock source. A trial was 
initiated by lifting the guillotine door of the 
start box and presenting the shock. While 
Ss' running time was recorded by means of a 
photocell-timer circuit, one or more Es noted 
the presence of competing responses (cf. 
Cotton, 1953). The two Es who observed on 
20% of the trials reached 95% agreement as 
to the presence of competing responses. 

The Ss were 23 male Wistar albino rats, 
95-120 days old. Fourteen Ss were trained 
under the nonalternated condition; 7 at 60 v., 
7 at 90 v. Nine Ss were presented 60 and 90 
v., alternated from trial to trial. All received 
10 trials a day with a 45-sec. intertrial interval 
for 4 consecutive days. 

Results and discussion.—Running times 
were converted into speed scores. Analyses 
of the acquisition curves revealed that all 

oups reached asymptotic performance by 
the thirtieth trial. Further analysis of 
asymptotic speeds (Alternated Trials 33-40, 
Nonalternated Trials 37-40) was undertaken 
with and without the inclusion of competing 
response trials. Differences in running speed 
as a function of shock level with or without 
competing responses were significant at less 
than the .01 level in every case.” 

A comparison of the results of the present 


study with those of Cicala (1961) appears in 


2 Nonalternated | groups, Mann-Whitne T en 
trials, Ne = 28, Noo 28) = 106, U_ Sam. 
response trials eliminated, Neo = 18. feplicates T (ali 
alternated group, Wilcoxon grouped replicates trials 
trials, N = 72) = 117, T (competing-response 


eliminated, N = 48) = 66. 


Fig. 1. Whereas the removal of competing- 
response trials serves to eliminate the effects 
of an alternated food-deprivation level upon 
performance in the 1961 study, no such effect 
occurs in either condition of the present study. 
It is suggested that rapidly alternated shock 
levels may afford better comparison for drive- 
discrimination learning than hunger-drive 
levels, since the latter must be alternated 
more slowly. 

The results of the present study do not 
support Estes’ statistical theory as presently 
formulated, but are consistent with Hull's 
two-factor theory of drive. Estes might ex- 
plain these results on the basis of different 
amounts of stimulus change at different drive 
levels, an explanation which would derive 
some support from the work of Campbell and 
Kraeling (1953). However, the effects of 
incentive magnitude are yet to be demon- 
strated in the aversive situation when com- 
peting responses are observed. 
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EFFECTS OF DELAY AND MODE OF PRESENTATION OF EXTRA 
CUES ON PURSUIT-ROTOR PERFORMANCE! 


LAWRENCE KARLIN 


New York University 


The effects on pursuit-rotor performance of using an extra cue and 
varying its mode of presentation were investigated in order to examine 


the reasons for previous results that were in conflict. 


An extra cue was 


found to be effective but variations in the interval of delay were not 


significant. 


In a pursuit-rotor task, Reynolds and 
Adams (1953), using auditory clicks which 
were sounded at equally spaced intervals for 
each corresponding interval of time that S 
remained continuously on target, found that 
ihe click interval made a difference—a }-sec. 
interval yielding consistently better perform- 
ance during training than a number of shorter 
and longer intervals. Archer and Namikas 
(1958), however, found that variations in 
delay were not significant but the experi- 
mental conditions of their study were different 
in certain respects. One difference was the use 
of a continuous tone as compared to a discrete 
click. It was felt that the reinforcing prop- 
erties of tone and click might be different. 
Archer and Namikas also used considerably 
fewer training trials. Finally, the pursuit- 
rotor used by Archer and Namikas turned 
on a 5-in. radius unlike that of Reynolds and 
Adams which turned on a radius of about 
3.19 in. 

The present study compared the effects of 
discrete and continuous modes of stimulus 
presentation on the delay variable and used a 
pursuit-rotor and number of training trials 
more comparable to that of Reynolds and 
Adams. 

Method.—Eighty right-handed male col- 
lege students divided equally among the five 
conditions served as 

A Lafayette pursuit rotor, Model 203, was 
used with a .75-in. target turning on an orbit 
of 3.25 in. It was tracked at 60 rpm using a 
hinged stylus with a flat tip of i% in. diameter. 
Time on target was measured by a Hunter 
klockounter. Auditory stimuli were 1,000- 
cvcle tones of moderate intensity presented 
to S through headphones. A special circuit 

actuated when 5 was on target, presented 
this tone continuously after a preset delay, 
or in .025-sec. bursts at regular intervals equal 
to the initial delay. The turntable speed was 
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calibrated with a stroboscope prior to and 
after each session. 

All conditions were administered equally 
often at different hours of the day and equally 
often throughout the experiment. The con- 
trol group wore headphones but heard no 
tone. The four experimental groups were as 
follows: .5 and .2 sec. continuous, and .5 and 
.2 sec. discrete. The continuous tone was 
sounded following either a .2- or .5-sec. 
interval of continuous time on target and kept 
sounding as long as S remained on target. 
The discrete tone sounded when S maintained 
continuous contact for the requisite amount 
of time and was repeated for equal intervals 
of continuous time on target thereafter. 

The Ss were encouraged to do their best. 
All groups received comparable instructions 
except that no mention was made of extra 
cues to the control group. There were 52- 
training and 15-transfer (no extra cue) trials 
administered to all groups. Trials were 30 sec. 
long with 15-sec. intertrial intervals. Follow- 
ing Trial 52 there was a 1-min. rest period. 
Experimental Ss were then told that the 
extra cue would be removed. 

Results.—Figure 1 shows that all groups 
were approximately equal at the beginning of 
training, but the experimental groups were 
superior to the control group by the end of 
training and during the transfer trials. Three 
of the groups yielded trends with considerable 
overlap although the .2 continuous group was 
superior to the others during training and 
transfer. 

Trend analyses (Edwards, 1960) of the 
training curves comparing each experimental 
group to the control group yielded significant 
results for the linear component in all four 
comparisons at better than the .001 level. 
None of the experimental trends was signifi- 
cantly different from any other. The means 
of the last five training trials and of the first 
and last five transfer trials for each group 
are shown in Table 1. Variance analyses of 
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each of these three sets of means for the four 
experimental groups and for all five groups 
yielded highly insignificant results. A Dun- 
can range test (Edwards, 1960) applied to the 
training means yielded significant results (.05 
level) only for the difference between the 
means of the .2 continuous and control 
conditions. In the first five transfer trial 
all experimental means differed significant 
from the control mean (.05 level) but not from 
each other. The last five transfer trials again 


TABLE 1 


E IN SEC SELECTED Fiv 

RAN SCORE IN SECONDS FOR © j 

BER Bises DURING TRAINING AND TRANSFER 
FOR ALL GROUPS 


Trial 

Group - ES = 
48-52 | 53-57 | 63-67 

Joann | na | mem | 3249 
-2 Discrete 16.95 1 17:79 
-5 Continuous 17.05 1530 17163 
-4 Discrete 16.61 19.5 d 15.84 

Control 15.00 17.00 : 


Mean time on target by trial for each group. 


(Each point represents the mean of 16 Ss.) 


yielded significant results only for the differ- 
ence between the means of the .2 continuous 
and control conditions. 

Discussion.—In the present study, .2- and 
.5-sec. delay intervals were used to maximize 
the difference in effectiveness of the extra 
cue since Reynolds and Adams (1953) using 
intervals ranging from .1 to 2.0 sec. found 
that a .5-sec. interval yielded the best results 
while the .2-sec. interval was about the poor- 
est, although it was better than no cue at all. 
The .2 and .5 conditions of the present study 
do not support the results obtained by 
Reynolds and Adams since neither acquisition 
nor transfer curves suggest that the .5 interval 
(discrete or continuous) is superior. Hence 
there is some support in the present results 
for the conclusion reached by Archer and 
Namikas (1958) that "delay of information 
feedback is not an effective variable." How- 
ever, it is worth noting that there are certain 
diflerences between the present study and 
that of Reynolds and Adams (1953). First, 
even though an effort was made to match 
pursuit rotors, the present .Ss score on the 
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average about 2 sec. or 7% less. Possibly 
this is due to some differences (motivation, 
etc.) between Ss in the two studies rather 
than in the task. Secondly, we did not use the 
matching technique of Reynolds and Adams 
(1953) who used five preliminary trials for 
this purpose. Since our time per S was 
limited, we preferred to use more transfer 
trials. Reynolds and Adams using only five 
transfer trials found that the delay variable 
was not significant. 

Perhaps further replication along lines sug- 
gested by the above differences would support 
Reynolds and Adams but the present results 
suggest that this is not likely. In fact it is the 
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-2-sec. continuous condition which is con- 
sistently superior throughout training and 
transfer. Since Archer and Namikas (1958) 


also report this tendency, it may be worth 
further study. 
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SIGNAL-DETECTION THEORY AND 
SHORT-TERM MEMORY! 


BENNET B. MURDOCK, Jr? 


University of Vermont 


This study attempted to apply signal-detection theory to short-term 
memory by testing the high-threshold concept of associative strength. 
On each trial a list of 6 A-B pairs was presented once, then 1 of these 
6 pairs was tested for recognition. On the recognition test either A-B 
(a proper pair) or À-X (an improper pair) was presented; S had to 
make a binary (yes-no) decision plus a confidence rating. From these 
data ROC curves were plotted, and they resembled the curvilinear 
functions of signal-detection theory more than the linear function 
required by the high-threshold concept. These results call into question 
the use of a high-threshold concept to explain findings from studies of 


1-trial learning. 


Recent developments in signal- 
detection theory have provided a 
"new look" at many problems in 
perception (Swets, Tanner, & Birdsall, 
1961) and attention (Broadbent & 
Gregory, 1963). Basically, signal- 
detection theory makes possible a 
separation of the criterion and the 
sensitivity of O and provides some 
powerful tools for the analysis of 
these processes. It seemed likely 
that these methods could profitably 
be applied to problems in short-term 


1This investigation was supported by 
Public Health Serice Research Grant MH 
03,330 from the National Institute of Mental 
Health, Public Health Service. The writer 
is endebted to Donald A. Norman for helpful 
comments and suggestions. Cynthii M. 
Fischer assisted in collecting and analyzing 
the data. 

? Now at the University of Toronto. 


memory, and the present study is such 
an attempt. 

Specifically, the present study is an 
attempt to test the “high-threshold”’ 
concept in short-term memory. Un- 
derwood and Keppel (1962), in an 
article on one-trial learning, have 
suggested a threshold of associative 
strength below which no response 
will occur. Thus, results from studies 
which use an RTT paradigm can be 
explained; items above the threshold 
on Tı will tend to be above the thresh- 
old on Ts while items below the 
threshold on T, will tend to be below 
the threshold on T, However, as 
Estes (1962) has pointed out, recent 
threshold studies do not provide 
much support for this strong concept. 
The purpose of the present experi- 
ment was to try to make a direct test 
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of the high-threshold concept in short- 
term memory itself. 

The procedure used in the present 
experiment followed directly along the 
lines of signal-detection theory. Short- 
term memory was tested by a recog- 
nition test supplemented with con- 
fidence ratings. Asin previous studies 
(e.g., Murdock, 1963) on each trial 
a list of six paired associates was 
presented, then retention of one of 
the six pairs was tested. Here, how- 
ever, retention was tested by recogni- 
tion; S was shown either A-B (i.e., 
one of the pairs from the list) or A-X 
(i.e, not one of the pairs from the 
list) and asked to give both a yes-no 
judgment and a confidence rating. 
As has been pointed out (e.g., Egan, 
Schulman, & Greenberg, 1959; Pol- 
lack & Decker, 1958), with confidence 

ratings one has the necessary informa- 
tion to plot ROC curves. The ques- 
tion of interest, then, is whether the 
resulting ROC curves are the linear 
function demanded by the high- 
threshold concept (Swets, Tanner, & 
Birdsall, 1961). 


PROCEDURE 


All Ss were tested individually and were 
given 54 trials on each of four sessions. Each 
trial consisted of a presentation of six A-B 
pairs followed by a recognition test for one 
of the six pairs. The recognition test con- 
sisted of presenting either an A-B or an A-N 
pair; S had to respond either "yes" or “no” 
and, in addition, give a confidence judgment. 
An A-B pair would be a proper pair while an 
A-X pair would be an improper pair; that is, 
two words which had and had not been paired 
during list presentation. Correct responses 
were, of course, yes and no, respectively. 

The serial position of the critical pair (i.e., 
that pair tested in the recognition test) was 
defined in terms of the first (or A) member of 
the A-B pair. With 54 lists on four sessions 
there was a total of 216 trials, and each of 
the six serials positions (SP) was tested 

equally often. For each serial position half 
the recognition tests were A-B (“signal”) 
while half were A-X ("noise"). For Serial 
Positions 1 and 6 the X terms were always 
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the second (or B) members of the pairs from 
Serial Positions 2 and 5, respectively. For 
Serial Positions 2-5 the X terms came equally 
often from the immediately preceding and 
succeeding pair (though always the B mem- 
ber of the adjacent pair). 

All pairs consisted of common English 
words taken from the Thorndike-Lorge (1944) 
list with G count of 20 or above. All 
homonyms, contractions, archaic words, and 
words with more than eight letters were 
excluded. Words were paired at random and 
without restriction. Pairs were photographed 
on 16-mm. film and projected by a single- 
frame Dunning animatic projector. The 
two words in each pair were displayed ver- 
tically rather than horizontally (i.e., one 
above the other rather than side by side). 
A visual noise field was inserted between 
each pair; this visual noise field consisted 
of letters of the alphabet typed at random 
and as densely as possible. Thus, on the 
filmstrips A-B pairs and the visual noise 
field alternated regularly in an ababa order. 

There were four different filmstrips, one 
for each session, and their order of presenta- 
tion was counterbalanced across Ss in a 
4X4 Latin square. Also, orthogonal to 
this counterbalancing A-B and A-X pairs 
were reversed for half the Ss. That is, any 
pair which had been tested as A-B for haif 
the Ss was tested as A-X for the other half, 
and vice versa. Within each of the film- 
strips the order of presentation of conditions 
was randomized in blocks of 12 trials (i.e. 
six serial positions and A-B or A-X test trials), 
and this randomized order naturally differed 
on the four filmstrips. i 

Stimulus presentation was programed by 
Hunter timers; A-B pairs and visual noise 
fields alternated at a 1-sec. rate. Each list 
presentation began and ended with a visual 
noise field. At the end of each list (i.e., when 
the visual noise field following the sixth 
pair had appeared) S was handed an index 
card with two words written on it, one above 
the other. He then wrote down on his data 
sheet either “yes” or "no"; yes if it matched 
one of the pairs in the list and no if it did not. 
Also, he had to write down a number from 
1 to 5 indicating how confident he was that 
he was correct. In the instructions § was 
told, “1 isa pure guess, 3 is average certainty, 
5 if you are very sure, and 2 and 4 are degrees 
between to help you rate." Also, a descrip- 
tion of this rating scale was constantly in 
view for S to refer to throughout the experi- 
ment. 

There were 24 Ss, 12 students of each sex 
who were fulfilling a requirement of the intro- 
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ductory psychology course. On the first 
day there were two practice trials, but none 
thereafter. After each list presentation 
there was a 15-sec. interval for S to respond, 
and he was instructed to make a choice on 
every trial. The end of the 15-sec. interval 
was indicated by an audible click from one 
of the timers, and a “ready” signal preceded 
the start of the next list by several seconds. 


RESULTS 


The probability of a correct recog- 
nition (i.e yes for A-B and no for 
A-X) was .764, .745, .720, .130, .874, 
and .927 for Serial Positions 1-6, 
respectively. An analysis of variance 
(of the number of correct recogni- 
tions) showed that the effects of serial 
position were highly significant; F 
(5, 115) = 27.55, p < .001. How- 
ever, individual ż tests showed that, 
at the .05 level, none of the compari- 
sons involving the first four serial 
positions differed significantly from 
one another. Therefore, SP 1-4 
were combined for subsequent analysis. 

The ROC curves for SP 1-4 and 
for SP 5 are shown in Fig. 1. The 
curves were constructed following 
the method described by Pollack 
and Decker (1958). To indicate this 
method, the raw data for SP 1-4 
are shown in Table 1. With four 
serial positions, 18 replications, and 
24 Ss, there were a total of 1,728 
trials for the A-B and for the A-X 
presentations. The first two rows of 
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abilities of ratings R; or stricter for A-B and 
A-X presentations. 


Table 1 show the distributions of 
these 1,728 trials over the 10 possible 
confidence judgments. The confi- 
dence judgments are ordered left 
to right from ""No-5" to "Yes-5" to 
correspond with a criterion ordering 
from lax to strict, respectively. The 
conditional probabilities, shown in 
the bottom two rows of Table 1, are 
cumulative, the probability that a 
given confidence rating was assigned 
to Category j or stricter. Thus, one 
starts from the right and moves to 
the left, separately for A-B and 
A-X. 

The typical ROC curve shows hits 
(ordinate) asa function of false alarms 
(abscissa). Here, the cumulative 


TABLE 1 


DISTRIBUTION OF CONFIDENCE JUDGMENTS AND CONDITIONAL PROBABILITIES FOR A-B 
AND A-X PRESENTATIONS (SUMMED OVER Four SERIAL POSITIONS, 
18 REPLICATIONS, AND 20 Ss) 


No Yes 
= Total 
5 4 3 2 1 1 2 3 4 5 
a 75 | 75 | 128 | 80 | 65 | 49 | 93 | 203 | 165 | 795 | 1728 
oe 732 | 137 | 231 | 94 | 58 | 37 | 73 | 172 | 102 | 92 | 1728 
j 95; 913 .839 .703 .755 727 .673 .556 460 
5 T E 576 4907 .363 .309 .275 .254 $ 2312 112 .053 
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conditional probability of assignment 
to Category j or stricter is shown for 
A-B presentations (ordinate) as a 
function of A-X presentations (ab- 
scissa). The rationale behind this 
method has been given by Egan 
(1958); Egan, Schulman, and Green- 
berg (1959); and Pollack and Decker 
(1958). Basically, the idea is that S 
is capable of adapting multiple cri- 
teria, and a rating method provides 
more information about these criteria 
than one obtains from a binary (yes- 
no) judgment. In the present case, 
a judgment of ''yes-5" represents the 
strictest criterion; '"'yes-1" is next 
most strict, and any observation 
that exceeded the criterion in the 
former case would also do so in the 
latter. Then, with 10 ratings, there 
are nine criteria ranging, as indicated, 
from strict to lax. 

The data points for SP 1-4 and 
for SP 5 are well fitted by the smooth 
curves of signal-detection theory. 
(Data for SP 6 are not shown be- 
cause the confidence ratings were so 
extreme.) In order to construct 
these smooth curves the data points 
were first plotted on normal-normal 
coordinates (Swets, Tanner, & Birds- 
all, 1961) and the best-fitting straight 
line drawn by eye. For SP 1-4 the 
slope of this line was close enough 
to unity to accept the assumption 
of equal variances for the A-B and the 
A-X distributions, but for SP 5 the 
slope was approximately 1.25. The 
obtained values for d' were 1.36 and 
2.0 for SP 1-4 and SP 5, respectively. 
The difference in symmetry between 
the two curves simply reflects the 

fact that the equal-variance assump- 
tion held only for SP 1-4. 

As has been pointed out elsewhere 
(e.g., Egan, 1958; Swets, 1961), the 
high-threshold assumption predicts 
that the data points should lie alung 
a straight line running from the left- 
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hand vertical axis to the upper right- 
hand corner of the graph. The y 
intercept would indicate the "true" 
threshold and the slope would be 
equal to one minus this threshold 
proportion. The linear function is a 
consequence of the fact that, ac- 
cording to a high-threshold assump- 
tion, O is incapable of ordering his 
judgments below the threshold. Thus, 
an increase in the hit rate can only 
be achieved by more false alarms, 
and these must increase at the same 
rate. As can be seen from Fig. 1, 
the data points do not fall along a 
straight line, and it would seem that 
the results do not support the high- 
threshold assumption. 


DISCUSSION 


From the results of the present experi- 
ment it does not seem correct to postu- 
late a high threshold in short-term 
memory (STM), above which one can 
make correct recognitions and below 
which one responds by chance. Instead, 
recognition in STM seems more like the 
continuous process postulated by signal- 
detection theory with the individual 
capable of varying his criterion over a 
wide range. Of course, probably the 
data could also be accounted for by 
various low-threshold models as well 
(see Norman, 1964); however, the pres- 
ent experiment is too crude to make 
such a test very feasible. 

There are, of course, various objections 
that could be raised about the present 
study and its conclusions. First, it 
could be argued that signal-detection 
theory has nothing to do with paired 
associates, or that ROC curves have no 
place in STM. Admittedly, one cannot 
specify the waveform or bandwidth of 
an associative bond, but signal-detection 
theory provides a model not only for 
the sensory processes but also for S's 
decision processes. And, if a threshold 
is invoked as an explanatory concept, 
it seems a little unfair to deny the 
possibility of an empirical test. 
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A second objection is that the postu- 
lated threshold applies to recall, not to 
recognition. Thus, as used by Under- 
wood and Keppel (1962), the high- 
threshold concept is applied to studies 
which test STM by recall. However, 
by now we have collected sufficient data 
with paired associates so that we can 
say with a fair degree of confidence that 
about 25% of the items from SP 1-4 and 
about 60% of the items from SP 5 
would have been recalled correctly had 
retention been tested by recall (see 
Murdock, 1963, page 438, Table 5). 
Therefore, in terms of the argument of 
Underwood and Keppel (1962), some 
of the pairs would have been above and 
some below their postulated ‘‘anticipa- 
tory threshold” (page 4, Fig. 2). Recog- 
nition rather than recall was used in the 
present experiment simply because it is 
generally considered to be a more sensi- 
tive test of retention. 

A third objection is that the results 
obtained are an artifact of averaging. 
That is, in many signal-detection studies 
one obtains intensive data from a few 
Ss and plots ROC curves individually; 
here the data from all 24 Ss were pooled 
to obtain the overall curves of Fig. 1. 
However, in a study of recognition 
memory for common English words 
Egan (1958) found that averaging did 
not appreciably modify the ROC curves 
for individual Ss. And, it might be 
noted, he too found little evidence for a 
high-threshold concept. In the present 
experiment we did try to plot ROC 
curves for individual Ss, but the data 
were too variable to be very revealing. 

In conclusion, it would seem that the 
methods of signal-detection theory may 
provide a useful approach to the study 
of problems in STM. This theory, or 
model, is well developed and leads to a 
number of testable deductions, and its 
quantitative nature may be a useful 
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antidote to the vague theorizing that is 
sometimes characteristic of the verbal- 
learning field. While it may be too much 
to think of measuring the strength of 
memory traces in terms of d’ and 6, 
still it should be profitable to apply some 
of the basic concepts of signal-detection 
theory to short-term memory. 
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INTERACTION OF TIME-UNCERTAINTY AND RELATIVE 
SIGNAL FREQUENCY IN DETERMINING 
CHOICE REACTION TIME 
PAUL BERTELSON axp JACQUES BARZEELE 


Université libre de Bruxelles 


Choice RTs to 2 signals of relative frequencies .2 and .8 were measured 
under 2 time-uncertainty conditions: constant F Ps of either .5 or 5.0 sec. 
The RT to the more frequent signal is more affected by time uncertainty 
than the RT to the less frequent one. This result shows that “‘prepara- 
tion," a hypothetical state which has often been postulated to account 
for time-uncertainty effects, is at least in part specific to one particular 
signal-response pair, or, alternatively, that the well-known effect of 
signal relative frequency is affected by very short-term fluctuations. 


It is now well-established that both 
simple (Botwinick & Brinley, 1962; 
Karlin, 1959; Klemmer, 1956, 1957; 
Woodrow, 1914) and choice reaction 
time (Bertelson & Borsu, 1965; Boons 
& Bertelson, 1961) are influenced by 
the duration and the variability of 
the foreperiod (FP). This effect can 
be accounted for by a simple model 
already suggested by Woodrow. Fast 
responding depends on the existence 
of a state of high responsiveness, 
which has been called “readiness,” 
"attention" (Woodrow, 1914), “pre- 


paratory set," or "expectancy" 
(Mowrer, 1940), or, as it will be here, 
"preparation." Preparation is of 


very short duration, so that it is 
important that it is present at the 
right time. Failures to synchronize 
preparation with stimulus onset can 
result either from the impossibility 
of predicting when the signal will 
come (as with variable FPs), or from 
the inaccuracy of internal time (as 
with constant but long FIs). Klem- 
mer (1956) introduced the term “time 
uncertainty’ to express the combi- 
nation of both factors. 

1 This work was partly supported by a 
“Crédit aux Chercheurs" from the Belgian 
Fonds National de la Recherche Scientifique. 
Thanks are due to J. A. Leonard and L. H. 
Shaffer for very useful suggestions. 


One question which can be asked 
about preparation is whether it is 
specific to one particular signal- 
response pair, ie., leads to shorter 
RT only if the particular signal which 
is expected, occurs. Ina former paper 
(Bertelson & Boons, 1960), the 
authors held that the effect of time 
uncertainty on choice RT by itself 
proves that some kind of nonspecific 
preparation is possible. It was later 
realized. (Boons & Bertelson, 1961) 
that the effect is compatible with the 
hypothesis of strictly selective prepa- 
ration: With low time uncertainty, 
preparation for one of the signals 
would always be achieved at the 
right time, permitting a gain of time 
whenever that signal occurs; whereas 
with high time uncertainty, there 
would sometimes be no preparation 
at all, the stimulus arriving in the 
interval between two preparation 
phases, or while .S is attending to 
some different source of stimulation. 

The previous experiments concern- 
ing the effect of time uncertainty on 
choice RT were all done with equi- 
probable signals. In that situation, 
it is impossible to discriminate be- 
tween the two hypotheses, because 
one has no information about prepara- 


tion achieved on a particular trial, 
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except by inference from the observed 
RT. If one considers a situation 
with signals of unequal frequencies, 
one may postulate that if preparation 
were specific, S would prepare for 
frequent signals more often than for 
less frequent ones. Hence, when 
preparation is made difficult by time 
uncertainty, the RT to a frequent 
signal would be more affected than 
the RT to a less frequent one. 

In situations involving a frequency 
bias, a selective preparatory process 
has often been assumed to account 
for the well-known effect of frequency 
on RT (Falmagne, 1965; Fitts, Peter- 
son, & Wolpe, 1963; Hyman, 1953; 
Leontev & Krinchik, 1963). But 
we have no right to identify this 
process with the preparation phe- 
nomenon revealed by  time-uncer- 
tainty manipulations. The former 
is selective by definition, but has not 
been proved so far to be short term, 
just as the latter is short term by 
definition but has not been proved 
to be selective. We have thus to 
consider two possibilities. One is 
that two separate preparatory proc- 
esses exist, one specific and permanent 
(for the duration of one trial), the 
other nonspecific and short term. 
The first process would give shorter 
RTs on all trials where specific prepa- 
ration existed for the signal which 
occurred, whatever its time of 
occurrence. The second would give 
shorter RTs whenever short-term 
preparation existed at the time of 
occurrence of the signal, whatever 
the nature of that signal. In that 
case, provided the frequency of prepa- 
ration to particular signals does not 
change with the FP, we should expect 
to find no interaction between time 
uncertainty and signal relative fre- 
quency. The other possibility is that 
there exists one process, which is at 
the same time specific and short term. 


449 


It would give shorter RTs only when 
the particular signal which was ex- 
pected arrived while good prepara- 
tion was present. lll-timed prepara- 
tion for the right signal or well-timed 
preparation for the wrong signal 
would both be ineffective. Under 
that hypothesis, we should expect to 


find an interaction. between time 
uncertainty and relative signal fre- 
quency. 


For the sake of simplicity, spe- 
cificity has been considered as an all- 
or-none affair: preparation affects the 
RT to one signal and has no effect 
on those to the other signals. This 
assumption might be too extreme, 
and one has to consider the possi- 
bility of relative specificity, or spe- 
cificity with generalization. Specific 
preparation. would now affect the 
RTs to several, or even to all signals, 
but by different amounts. If this 
weaker meaning is adopted, the 
predictions are still the same: inter- 
action between time uncertainty and 
signal frequency will be observed only 
if specific preparation is not constant 
over the duration of one trial. 

The experiment to be presented 
consisted of measuring choice RTs 
to two signals of unequal frequencies, 
with constant FPs of either .5 or 5.0 
sec. A constant FP of į sec. is known 
to give about optimal warning (Boons 
& Bertelson, 1961; Karlin, 1959), 
and thus constituted the low time- 
uncertainty condition. For the high 
time-uncertainty condition, a long 
constant FP was chosen rather than 
variable ones because (a) it was 
technically easier to obtain, and (b) 
the literature suggests that variable 
FPs can induce in Ss a range of 
different strategies, depending on as 
yet little understood conditions. 


METHOD 


Apparatus.—The display was constituted 
by a Nixie numerical indicator (a cold 


450 


cathode tube with figure-shaped cathodes) 
fixed behind a red glass (to reduce brightness) 
at eye level, on a vertical panel, at about 
1 m. from S, and a neon pea lamp situated 2 
cm. below the Nixie. On each trial, the 
latter first gave a brief flash (about 50 msec.), 
which constituted the warning signal. After 
an interval constituting the FP, either the 
digit 1 or the 2 appeared on the Nixie. The S$, 
seated in armchair, responded by pushing 
one of two keys, fixed one to each armrest, 
in a vertical plane. They consisted of 
flexible strips of steel, resting on micro- 
switches. The Ss were instructed to use the 
S-R correspondence: 1-left, 2-right. A con- 
stant interval of 10 sec. intervened between 
each reaction signal and the following warn- 
ing signal. The time intervals were controlled 
by a timing unit based on capacitance-resis:- 
ance circuits. The sequence of reaction 
signals was controled by a punched tape 
reader. The RTs to the two signals were 
cumulated on two separate chronoscopes. 
They were at the same time recorded on 
paper by a pen recorder running at 5 cm/sec 
which permitted readings to the nearest .01 
sec. Errors were recorded on electromagnetic 
counters. 

Subjects.—Ten volunteer students, aged 18— 
20, four boys and six girls, participated in 
three sessions each. 

Procedure.—One run consisted of 100 trials. 

Signal 2 was presented on 20 trials, chosen 
at random without restriction for each of 20 
different program tapes, and Signal 1 on 
the other 80 ones. On each session, two runs 
were given, one with each of the two FP 
durations of .5 sec. and 5.0 sec. One FP 
condition was given first to one half of the Ss 
and the order was reversed from one experi- 
mental session to the other. The first session 
was considered as a practice one and dis- 
carded from the analysis. The Ss were 
informed verbally of the relative frequencies 
of the two signals. They were told the over- 
all mean RT and the number of errors at the 
end of each run of 100 reactions. 


RESULTS 


Table 1 shows that the mean RT 
to the frequent signal is increased 
by 65 msec. when the FP is increased 
from .5 to 5.0 sec., against only 31 
msec. in the case of the infrequent 
signal. This pattern is observed at 
the level of individual means in 9 Ss 
out of 10. By a two-tailed sign test, 
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TABLE 1 


Mean Reaction Time (IN MSEC.) FOR 
Sessions 2 AND 3 


Foreperiod (in Seconds) 


| 


Ss Signal 1 (p = .8) Signal 2 (p = .2) 
T 

| oss | 5.0 Diff. E 5.0 Diff. 

1 | 340 | 449 | 109 | 453 | 471 | 19 
2 | 279 | 3433 | 64 | 358 | 430 | 72 
3 | 286 | 324 38 | 374 | 388 14 
4 | 333 | 401 68 | 430 | 439 9 
5 | 321 | 382 61 | 344 | 394 50 
6 396 | 438 44 | 471 | 479 8 
7 291 | 319 28 | 344 | 338 | —4 
8 330 | 354 24 | 370 | 371 1 
9 391 | 488 97 | 457 | 517 60 
10 | 347 | 467 | 120 | 440 | 524 84 
M| 331 | 396 65 | 404 | 435 31 


the hypothesis that the RTs to both 
signals are equally affected by time 
uncertainty can be rejected at p =.021. 
Subject 2 shows a slightly larger 
effect of FP duration on the less 
frequent signal. A fourth session 
was conducted, and the larger effect 
was now observed for the more 
frequent signal. 

Errors occurred at the same low 
frequency (1.5%) with the two FPs. 
They are more frequently made to the 
infrequent signal (2.7%) than to the 
other one. The sample is too small to 
answer questions about possible inter- 
actions. 

Although the predictions to be 
tested were about mean RT, it was 
felt interesting to look for possible 
changes in the shapes of the RT 
distributions. For that purpose, a 
random sample of 20 reactions to the 
.8 probability signal was taken for 
each S under each FP condition at 
each session, and was analyzed to- 
gether with the 20 reactions to the 
.2 probability signal. For each sam- 
ple, RTs occupying Ranks 1, 3, 6, 9: 
10, 15, 18, and 20 were tabulated, 
and averaged across Ss and sessions 
to give the mean cumulative fre- 
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RANK, 


Fic. 1. Mean cumulative frequency dis- 
tributions of RTs. (Ordinate: rank in a 
sample of 20 RTs, when ordered according 
to length; Abscissa: mean RT - for 10 Ss, two 
sessions each—at that rank, in milliseconds.) 


quency curves appearing on Fig. 1. 
One observes a larger effect of FP 
duration on the RT to the more 
frequent signal at all cutting points. 
Neither time uncertainty nor signal 
frequency seem to affect one region 
of the RT distribution rather than 
another. 
DISCUSSION 

The effect of time uncertainty clearly 
interacts with that of signal frequency. 
This result favors the hypothesis of a 


preparatory process at the same time 
selective and of short duration. 
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DISCRIMINATION LEARNING AS A FUNCTION OF 
VARYING PAIRS OF SUCROSE REWARDS! 


ROGER W. BLACK 


University of Iowa 


5 groups of rats were trained in a Y maze using a combination of free- 


and forced-choice trials to equate number of Rs to each arm. 
reward was present in both arms, but in different concentrations. 


Sucrose 
In 


terms of the solutions received, the groups were: 2605-405, 495-896, 


895-1695, 1695-3295, 3291-6407. 


Principal results were: discrimina- 
tion occurred in both choice and starting-speed measures 


and the degree 


to which Ss discriminated in one measure correlated significantly with 
degree of discrimination in the other; running speed appeared to be a 
negatively accelerated, exponential function of sucrose concentration ; 
optimal discrimination occurred for intermediate pairs of concentrations. 
These results were in accord with implications derived from Spence's 
interpretation of incentive motivation. 


In his interpretation of the role of 
reinforcement in appetitive learning, 
Spence (1956) assumed that a primary 
function of reward is the evocation 
of the consummatory response (Re). 
Because of its repeated pairing with 
cues in the goal box during the 
acquisition of an instrumental re- 
sponse, implicit components of the 
consummatory response (7,'s) become 
conditioned to the goal box and 
generalize to the runway and start 
box. The occurrence in the alley of 
Ta, along with its afferent component 
Sg, is assumed to contribute in- 
crementally to the motivational level 
of S through the molar incentive- 
motivation variable, K. K combines 
additively with drive and multi- 
plicatively with habit strength to 
produce reaction potential—ie., E 
= H X (D + K). 

The value of K depends upon the 
strength with which r, — s; is evoked 
which, on any trial, depends in turn 


1 This report is based on a dissertation sub- 
mitted to the Department of Psychology of 
the University of Iowa in partial fulfillment 
of the requirements for the PhD degree. 
The writer is greatly indebted to Kenneth W. 
Spence under whose direction this investiga- 


tion was conducted. 
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upon at least two variables. First, 
since r, — s, is the result of classical 
conditioning, K will increase with 
number of rewarded trials, until the 
asymptotic strength of r,— s, is 
reached. Second, the strength of 
7, — Sg depends upon the vigor of the 
overt consummatory response (Rg) 
Which is assumed to be an increasing 
function of magnitude of reward. 
Specifically, when a sufficient number 
of rewarded trials have been provided 
to insure that the conditioning of 
fa — Sq is asymptotic, the value of K 
is given by 


K = M(1-10-28) [1] 
where i 
M = maximum possible value of K. 
R = magnitude of reward. 
a = rate of growth parameter. 


Now if two response tendencies, 
based on equally strong habits and 
levels of drive but different reward 
magnitudes are considered, the dif- 
ference in the strengths of these 
responses will depend upon the dif- 
ference in the values of K associate 
with them. With the responses at 
their asymptotic strengths, this dit- 


| 
| 
| 


i 
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ference will be given by: 


M (1-10°*) 
— M (1-107928) 


KyQ— Ks = 


[2] 


where Kz and Ks indicate the Ks 
resulting from the large (Rz) and 
small (2,) rewards, respectively, and x 
is the factor by which Rz exceeds R,. 

Further, if the ratio (Rz/R;) is held 
constant, as the absolute amount of 
reward increases from some very small 
value, the difference (Kz — Ks) first 
increases, reaches a maximal value, 
and then decreases. In general, this 
difference will be maximal when A; 
has a magnitude given by: 


n log z 
Ri “aln — 1)» 
where a and n are the quantities of 
Equations 1 and 2. The derivation 
of this expression is analogous to one 


described by Spence (1956, pp. 244- 


245). n 
From these considerations, several 


tions may be made with respect 
to performance in a discrimination 
situation (e.g, à T maze) in which (a) 
the alternative responses are both 
reinforced but with different reward 
magnitudes; (b) Ss receive pairs of 
rewards which differ in mean magni- 
tude but are in the same (Rr/R;) 
ratio; (c) the number of occurrences 
of each response and thus, according 
to Spence, their habit strengths, are 
equated. For such a situation it may 
be predicted that Ss should respond 
more quickly to the positive (larger 
reward) than the negative arm and 
respond more frequently to that arm 
when choice is possible, since the 
value of K for that arm will be greater. 
Second, considering independent 
groups receiving pairs of rewards 
with successively larger mean magni 
tudes, average response speed should 
increase in a negatively accelerated, 


predic 
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exponential fashion. Third, as mean 
reward magnitude increases, the 
degree to which discrimination occurs 
(in both speed and choice measures) 
should first increase and then decrease. 
Finally, the larger of the pair of 
reward magnitudes (ie. Ar) for 
which discrimination is maximal 
should be given by Equation 3, 
which is solvable if an estimate of the 
rate of growth parameter, a, can be 


obtained. 


METHOD 
Experiment I 


Subjects. —The Ss were 40 female, hooded 
rats, 85-105 days old at the beginning of 
training, from the colony maintained by the 
Department of Psychology of the University 
of Iowa. 

Apparatus —The apparatus included an 
enclosed Y maze, together with electronic 
circuitry to provide response-time measures. ' 
The maze consisted of an 18-in. long retaining 
box, a 12-in. start box attached to the retain- 
ing box, and two 30-in. arms which coverged 
upon the start box to form a Y. The maze 
was 12 in. high, constructed of wood painted 
black, and covered witha glass top. Thestart 
box and arms were 2 in., and the retaining 
box 3.5 in., wide. At the end of each arm was 
a wood block, also painted black, with a 
metal-lined indentation at its center which 
served as the goal cup. 

The retaining box was separated from the 
start box by a guillotine door while a second 
guillotine door at the end of the start box 
opened onto the choice point and served 
as the start door. A retrace door was located 
within each arm of the maze at a point 9 in. 
from the start door. These doors were so 
constructed that they could be used to hold 
a block of wood which, when used, fitted 
flush with the wall of the start box and 
extended that wall to the distal end of the 
choice point, thus completely covering the 
entrance to that arm. 

Photoelectric circuitry, together with 
Hunter klockounters, provided starting- 
and running-time measures. Start time was 
measured from the opening of the start door 
until S reached a point within either arm 12 
in. beyond the start door. Running time 
was measured from that point to a point 12 
in. farther in the arm. 

Procedure.—Two weeks prior to the be- 
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ginning of training, all Ss were placed ona 
23-hr. food-deprivation schedule with water 
continuously available. r 

The Ss were randomly divided into five 
groups of eight Ss each. Defined in terms 
of the sucrose solutions received during train- 
ing, the groups were: 2%-4%; 396-866; 
895-1695; 1695-3295; 3205-6495. Thus, the 
members of each pair of solutions were in 2:1 
ratio. Solutions were prepared from ordinary 
cane sugar and distilled water and are stated 
in percentage of sucrose by weight. 

For each 5, one arm of the maze was desig- 
nated “positive” and always contained the 
sweeter solution, the "negative" arm always 
containing the less sweet solution. For half 
of the Ss, the right, and for half the left, 
arm was positive. Six acquisition trials were 
given daily for 20 days, the first trial of each 
day being a free-choice trial and the remain- 
ing forced trials (ie., one arm blocked). 
Forced trials were so administered that S 
responded to each arm three times daily. 
Specifically, if the initial choice was the 
Positive (P) arm, the remaining trials 
were administered according to one of the 
following sequences: PNNPN; NPNNP. 
For a negative (N) initial choice, the se- 
quences were: PPNNP; PNPPN. Following 
the choice trial on a given day, S was assigned 
to the sequence which was the alternate of the 
one to which it was assigned on the previous 
day it had made the same choice. 

On choice trials, the procedure was as 
follows: .5 ml. of the appropriate sucrose 
solution was placed in the goal dish in each 
arm; S was placed in the retaining box and 
in 10 sec. the door to the start box was 
opened until S entered the start box, where- 
upon that door was closed and the start door 
was immediately opened. When S entered 
either arm, the retrace door was closed and .S 
was allowed 10 sec. to consume the solution. 
On forced trials the procedure was the same 
except that one of the arms was blocked. 
The Ss were run sequentially in squads of 10 
which provided an intertrial interval of 

about 10 min. 

Starting and running times were recorded 
only on the final two trials of a day, one of 
which was always a positive, and the other a 
negative, trial. The trial sequences employed, 
it should be noted, counterbalanced the serial 
position of the positive and negative trials 
on the final two trials, as well as the nature 
of the trial preceeding the final two trials, 


Experiment II 


A difficulty developed in the first experi- 
ment in that closing the retaining box door 
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as S entered the start box resulted in many 
of the Ss orienting away from the start door 
and toward the retaining-box door. Since 
these Ss often spent considerable periods of 
time before reorienting toward the choice 
point, and since the start-time clock was 
operating during this period, a large number 
of extremely inflated “starting times" were 
recorded. This, coupled with a difficulty in 
the photoelectric circuit which resulted in the 
loss of a substantial number of additional 
starting times, rendered the starting-time 
data of the first experiment essentially use- 
less. Experiment II was a replication of the 
first experiment except that these sources of 
difficulty were eliminated. 

Subjects.— The Ss were 50 female, hooded 
rats, 80-92 days old at the beginning of 
training, from the colony maintained by the 
Department of Psychology of the University 
of Iowa. 

Apparatus.—The apparatus was identical 
to that in Exp. I except that the retaining 
box was removed. 

Procedure.—' The procedure was also iden- 
tical to that of Exp. I, except that S was 
placed directly into the start box. The start 
door was opened 5 sec. thereafter, provided 
that S was oriented toward the start door. 


Ten Ss were assigned to each of the five 
groups. 


RESULTS AND Discussion 


Starting speed.—Acquisition curves 
for the second experiment indicated 
that in each group starting speed 
to the positive arm approached a 
higher asymptote than that for the 
negative arm. Nevertheless, the ac- 
tual differences between the positive 
and negative curves for the various 
groups were generally rather small 
and suggested that discrimination 
between the sucrose solutions was 
difficult. It further appeared that 
average starting speed increased as 
mean sucrose concentration increased. 
To evaluate these effects, each .S's 
mean starting speed on Trials 90-120 
was determined. An analysis of 
these "asymptotic speed scores” indi- 
cated that overall start speed (i.e. 
ignoring "arms") was an increasing 
function of mean sucrose concentra- 
tion, F (4, 45) = 686, p< .001. 
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Thus, mean asymptotic start speed 
was 1.16 ft/sec for Group 2965-496 
and 1.46 ft/sec for Group 3295-6466. 
When differences in start speed to 
the two arms were considered, reliable 
discrimination was also found to 
occur, F (1, 45) — 30.72, p « .001. 
Figure 1 indicates the difference in 
asymptotic mean starting speeds to 
the arms (positive minus negative) 
for the five groups. This difference 
was minimal for the 295-406 group, 
rose to a maximum for the 1605-3265 
group, and then decreased for the 
3295-6495 group. While this finding 
confirmed the predictions stated 
earlier, when tested as the Arms 
X Groups interaction, it failed to 
prove statistically reliable, F (4, 45) 
= 1.57. 

Choice data.—Vigure 2 indicates 
percentage of choice of the positive 
arm for the 90 combined Ss of Exp. 
I and ll. The similarity of this 
function to that in Fig. 1 is apparent 
in that both measures show least 
discrimination for Group 295-496, 
maximal discrimination at an inter- 
mediate value of sucrose concentra- 
tion, and a subsequent decrement in 


discrimination. The two functions, 
however, reached their maxima at 
somewhat different values, Analysis 
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of variance indicated that the dif- 
ferences between groups in asymptotic 
percentage of choice were reliable, 
F (4, 85) = 2.78, p < .05. Thus, for 
both starting speed and percentage 
of choice, the predicted general rela- 
tionship between degree of discrimi- 
nation and mean sucrose concentra- 
tion was obtained. The relationship 
itself, however, was statistically con- 
firmed only for the choice data. 

The general correlation between 
discrimination in terms of speed dif- 
ferences and in terms of percentage of 
choice which is evident in the simi- 
larity of Fig. 1 and 2 is required by a 
“macromolar”’ theory such as Spence's. 
It is, however, not required by the 
“micromolar” approach advanced by 
Logan (1956). A macromolar inter- 
pretation assumes that differences in 
the speed with which Ss respond to the 
arms of a maze and the percentage of 
times S responds to each arm on 
choice trials are both reflections of 
the difference in the same underlying 
reaction potentials. Thus, these 
measures—speed differences and per- 
centage of choice—must be positively 
correlated. Further, in the case of 
the Hull-Spence theory the correla- 
tion, when the choice data are 
appropriately scaled, must be linear 
(Logan, 1953). 
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In order to test this aspect of the 
theory, the mean difference in start 
speed to the positive vs. negative arm 
was computed for Ss in Exp. II for 
Trials 60-90. Percentage of choice 
of the positive arm was also computed 
for these trials and these scores were 
then converted to normal deviates, 
according to a procedure described by 
Logan (1953). (Percentage of choice 
scores of 100% or 0% were omitted 
because they cannot legitimately be 
scaled.) For the present data, the 
correlation between these measures 
was, r = .45, Eta = .60, and analysis 
of variance indicated that the linear 
regression component of this relation 
was significant, F (1, 48) = 8.58, 
b < .01, while the deviation from 
linearity was not, F (4,48) = 2.74. 
This finding, which was recently 
replicated by Fowler (1963), renders 
the macromolar approach tenable 
for the present data. It does not, of 
course, constitute a “critical” test of 
the micromolar-macromolar distinc- 
tion since the micromolar position 
would also predict the obtained cor- 
relation between speed differences 
and percentage of choice under the 
present experimental conditions. 
Running speed.—A comparison of 
the running-speed curves for the two 
experiments suggested that the sets 
of data were comparable. Moreover, 
statistical analysis performed on as- 
ymptotic running speeds (Trials 90- 
120) failed to indicate a significant 
difference between the experiments 
or a significant interaction of "experi- 
ments" with any other variable (all 
p's > .10). Further, no discrimina- 
tion between the arms occurred in 
terms of running speed. Thus, Ss 
ran about equally quickly in the 
positive and negative arms, F (1, 80) 
= 1.71. That differential responding 
was observed only for starting speeds 
probably resulted from the fact that 


cues permitting discrimination were 
present to any degree only at the 
choice point— a portion of the alley 
included in the starting- but not the 
running-speed measures. Thus, at 
the choice point, S encountered dif- 
ferential cues on positive and negative 
trials of both a visual (i.e., which 
arm was "open") and a kinesthetic 
(direction of turn) nature. Beyond 
the choice point, however, visual 
cues were essentially identical while 
differential kinesthetic aftereffects of 
the turning response were also prob- 
ably minor, the degree of turning 
required in the Y maze being slight. 

Figure 3 indicates mean asymptotic 
running speed for the five groups as a 
function of sucrose concentration. 
Each group is designated on the 
abscissa in terms of the sweeter of the 
two solutions it received. As this 
figure indicates, performance  in- 
creased as a negatively accelerated, 
monotonic function of sucrose con- 
centration and an analysis of vari- 
ance indicated that differences be- 


tween the groups were reliable, F 
(4, 80) = 29.94, p < .001, To test 
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Fic. 3. Mean running speed as a function 
of sucrose concentration. (The abscissa 
specifies groups by the sweeter of the solutions 
they received.) 


Ls 


DISCRIMINATION LEARNING WITH VARIED REWARD 


the prediction stated earlier, a curve 
of the form given in Equation 1 was 
fitted to these data using a least- 
square procedure described by Lewis 
(1960, pp. 76-80). This function, 
represented in Fig. 3, appeared to 
approximate the data quite well. In 
addition, it provided an estimate 
of the rate parameter, a, of Equations 
1-3—ie., a = .028. Entering this 
value in Equation 3, and noting that 
the ratio of the large (Rz) to the 
small (R;) reward (n) was 2, solution 
of Equation 3 indicated that maximal 
discrimination is predicted for a 
group receiving an 11%-22% pair of 
sucrose concentrations. While the 
present study did not employ an 
1195-2296 group, it did provide two 
estimates of the point of maximal 
discrimination—i.e., in terms of start- 
ing speeds and in terms of percentage 
of choice. Those estimates were 
895-1695 and 1695-3205 which fell 
to either side of 1195-2295 and were as 
close to that value as the present 
selection of groups permitted. 


While the function in Fig. 3 relating 
response strength to sucrose concentra- 
tion is monotonic, other investigators 
have reported a decrement in response 
strength at high sucrose concentrations. 
Thus, in a free-responding situation, 
maximal response rate has been reported 
for sucrose concentrations of 16% (Gutt- 
man, 1953) and 20.195 (Guttman, 1954). 
It is possible, however, that the decre- 
ment in response strength observed in 
the Skinner box with concentrated 
sucrose solutions may result from satia- 
tion rather than an intrinsically lower 
incentive value of more concentrated 
solutions (cf., Collier & Myers, 1961). 
Thus, Young and his associates (e.g. 
Young, 1945; Young & Greene, 1953) 
report that when Ss are given long 
(24-hr.) exposures to sucrose solutions, 
both rate and amount of solution con- 
a 5% con- 
exposure 


sumed were maximal with 
centration; but, when the 
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period was brief, rate and amount of 


solution consumed increased mono- 
tonically with concentration. In the 
present discrete-trial situation, which 


involved the daily administration of 
only 3 ml. of solution over a 1-hr. period, 
satiation was presumably of less im- 
portance. On the other hand, the ob- 
served monotonic relationship may have 
resulted from the fact that Ss were given 
experience with more than one sucrose 
concentration. Fowler (1963), in a 
situation similar to the present one, 
found that for Ss trained with a single 
sucrose concentration, running speed 
was greater for a 16% than a 32% solu- 
tion. He also reported, however, that 
when Ss were trained with a pair of dif- 
ferent concentrations (e.g., 16065-3265), 
they ran faster to the more concentrated 
solution. It is possible, therefore, that 
the relationship described by Fig. 3 
would not be reproduced in an experi- 
ment involving groups which received 
only a single sucrose concentration. 

The present results clearly support 
the interpretation of incentive motiva- 
tion proposed by Spence (1956). Thus, 
both the general and quantitative im- 
plications of that theory were confirmed 
with respect to the form of the incentive 
function, the effect of increasing mean 
reward magnitude on discrimination, 
and the expected point of maximal dis- 
crimination between pairs of incentives 
In addition, support was provided for 
the tenability of the macromolar analysis 
of learning for situations comparable to 
that described above. 
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DETECTION OF A VISUAL SIGNAL WITH LOW 


BACKGROUND NOISE: AN EXPERIMENTAL 
COMPARISON OF TWO THEORIES! 


RAYMOND H. HOHLE 
Institute of Child Behavior and Development, University of Iowa 


Yes-no responses were obtained from each of 5 Ss under different condi- 
tions of induced response bias during 9 300-trial sessions (plus 9 extra 
sessions for 1 S) where a low-intensity stimulus was present or absent 
in a random sequence. Least-squares curves relating probabilities of a 
"yes" response with the stimulus present to probabilities of a “yes” 
with the stimulus absent were determined for each set of data, assuming 
(a) the theory of signal detection (TSD), and (b) the fixed-criterion 
hypothesis. The latter theory afforded a closer fit for each of the 6 sets 
of data when compared to the simplest form of TSD. A more general 
form of TSD led to curves which fit as well as those from the fixed- 


criterion theory, but this form has other, undesirable, implications. 


One type of experiment which has 
served as a testing ground for signal 
detection theory involves presenta- 
tion of a series of trials on which a 
low-intensity stimulus is present or 
absent in a random sequence. On 
each trial S's task is to report “yes” 
or "no," depending on whether he 
thinks the stimulus was present or 
absent. From the data of such an 
experiment the theory of signal detec- 
tion purports to extract a measure 
of S's sensitivity which is independent 
of his response criterion. The use- 
fulness of this measure, of course, 
depends on whether the theory pro- 
vides reasonably accurate representa- 
tions of Ss’ behavior. 

The theory assumes that on every 
trial, whether the signal is present 
or not, S receives sensory input. For 
those trials on which no signal is 
presented this input consists only of 
randomly varying noise; and intro- 
duction of the signal simply adds a 
fixed level of input to the noise 
distribution. The S's task on each 


1The data on which this paper is based 
Were reported at the Midwestern Psycho- 
logical Association meetings at St. Louis, 
April 1964, 


trial is thus that of deciding whether 
his sensory input was from a distribu- 
tion of noise alone or from a dis- 
tribution of noise augmented by input 
from a signal. The basis for .S's 
decision may be seen from Fig. 1. 
The line, x, represents some monotonic 
transformation of sensory input level 
(S's decision axis), and the two curves 
represent the probability density func- 
tions of x on the two kinds of trials 
(signal present or not present). If on 
a given trial, x takes a value greater 
than a critical value, c, S’s decision 
will be “yes, the signal was present"; 
if x was less than c, the decision will 
be “no, the signal was not present." 

It is apparent from Fig. 1 that as 
S's decision criterion is shifted, the 
conditional probabilities Pr {“yes” 
[Signal] = Ps, and Pr{“yes” | No Sig- 
nal} = Py will vary together. If 
both the "Noise" and “Noise + Sig- 
nal” distributions are assumed to be 
normal distributions with a common 
variance, and d is the difference be- 
tween the means of the distributions 
(expressed in units of the common 
SD), then the curve relating the two 
conditional probabilities—S’s receiver 
operating characteristic, or ROC, 
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the variable representing S's decision axis 
with no signal (noise only) and with a signal 
present, 


curve—will be 
Ps =1—F[F (1 — Py) — d], [1] 


where F is the unit normal cumula- 
tive distribution function, and F~! is 
its inverse. 

Equation 1 has been shown to pro- 
vide reasonably good representations 
of empirical ROC curves for auditory 
stimuli (Swets, 1961b), and accord- 
ingly, fitted values of d have been in- 
terpreted as relatively pure measures 
of O sensitivity (e.g., Swets & Sewall, 
1963). 

A favored procedure in experi- 
ments designed to provide empirical 
tests of Equation 1 has been “to add 
enough noise . (a background of 
some kind) to bring the noise to a 
level where it can be measured 
[Swets, 1961a, p. 56]." One might 
raise the question, therefore, whether 
the theory of signal detection is 
applicable to traditional psychophys- 
ical experiments where an attempt 
is usually made to minimize stimulus 
noise external to O. 

An alternate theory, originally pro- 
posed by H. R. Blackwell and W. M. 
Kincaid,’ assumes that a signal is 

detected only when the hypothetical 


? Colloquium address, University of Michi- 
gan, November 30, 1951. The theory has 
been referred to elsewhere (Swets, 1961b) 
as simply “the Blackwell threshold theory.” 
For the sake of brevity, this practice will be 
followed here. 
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input variable exceeds some critical 
(threshold) level. This critical level 
is almost never exceeded when no 
signal is presented; nevertheless, un- 
der appropriate conditions (e.g., where 
high rewards are associated with 
detections), guessing on the part of S 
will produce “yes” reports on some 
trials even though the threshold 
value has not been exceeded. The 
structure of the Blackwell theory 
is represented in Fig. 2. On trials 
with the signal present a detection 
is made (input exceeds threshold) 
with probability Pp, the value of 
which depends on signal intensity 
and S’s sensitivity. In this event 
the response is always "yes." If 
there is no detection—which occurs 
with probability 1 — Pp on “signal” 
trials and nearly always on “no 
signal" trials—a guessing response 
“yes” will occur with probability Pg, 
The magnitude of Pe, of course, 
reflect S's prevailing response bias, 
which depends in part on the particu- 
lar experimental conditions, 

The ROC curves implied by Black- 
well's theory are straight lines passing 


through the points (Py — 0, Ps 
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Fic. 2. Representation of hypothetical 
processes leading to a “yes” or “no” response 
on trials with a signal present and with n? 
signal present. 
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= Pp) and (Py = 1, Ps = 1). From 
Fig. 2 we see that the conditional 
probability "yes," given a signal, 
1S 


Ps = (Pp) (1.0) + (1 — Po) Pa, 


and the conditional probability “yes,” 
given no signal, is 


Py = (.0) (1.0) + (1.0) (Pe). 


Since Py & Pe, Py may be substi- 
tuted directly in the expression for Ps, 
so that 


Ps&@Pp+(1—Po)Py. [2] 


Under the assumptions of the Black- 
well theory, then, the parameter, Pp, 
is, like d in the theory of signal detec- 
tion, independent of an O's response 
biases. 

One experiment (Swets, 1954), 
using a forced-choice procedure, 
yielded results which were incon- 
sistent with the assumptions of the 
Blackwell theory but consistent with 
the theory of signal detection. On 
the other hand, data from two out 
of three experiments ostensibly repli- 
cating the Swets experiment (Kin- 
caid & Hamilton, 1959) failed to 
provide evidence for rejecting the 
Blackwell theory. The present study 
is an attempt to compare the two 
theories directly by determining 
whether Equation 1 or 2 provides a 
better representation of several em- 
C curves for detection of a 


irical RO 
: al with relatively low back- 


visual sign 
ground noise. 


PROCEDURE 


a shutter opening for 


A trial consisted of 1 
4-cm. circular screen 


800 msec., exposing à 
with a luminance of 1.8 footlamberts (ftl.). 


The signal to be detected was a l-cm. gaie 
of light which was or was not added to the 
center of the screen in & random sequence 

ts serv- 


over trials. The luminance incremen 


ing as the signal ranged from .02 to .07 ftl. 
for different Ss, but was constant throughout 
an experiment for any given S. Changes in 
S's response bias were induced by varying 
the relative frequency with which the signal 
was present over trials (.33, .50, or .67), and 
by varying the patterns of rewards and 
punishments associated with the trial out- 
comes, 


fom "Yes" 


No Signal, “Yes” 
Signal, "No" 


No Signal, “No” 


The “payoff” matrices used were 


(aa 739 Cs 3 C 7): 


where the matrix entries indicate the number 
of “points” won or lost for each of the pos- 
sible outcomes. Payments to Ss were linked 
to the number of points won or lost relative 
to the expected number attainable by ignoring 
the signal and simply guessing. 

At the beginning of each 100-trial block S 
was informed that the signal would be 
present "less than half the time," "about 
half the time," or “more than half the time," 
depending on which relative frequency was 
to be presented. Immediately following S's 
response on each trial a number of green or 
red lights would glow signifying to S the 
number of points won or lost on that trial. 

Five Ss (graduate and undergraduate 
students) each participated in nine 300-trial 
sessions following approximately 500 practice 
trials. One S participated in nine additional 
300-trial sessions under conditions identical 
to the first experiment except that signal 
intensity was increased from .03 to .04 ftl. 
The relative frequency of signal present was 
changed after each 100 trials; the payoff 
matrix was changed after every three sessions. 
A set of data thus consisted of a total of 300 
trials at each of the nine relative frequency- 
matrix combinations. 

The ROC curves specified by Equations 1 
and 2 were fitted to each set of data by 
choosing d to minimize 


9 


Qi = E (Psi — 1 + FUF (-Êx) — åI’, 


and by choosing Pp to minimize 


9 
Q: = X (Ps; — [Pp + (-P5)PxTI^ 
$e. 


where the symbol ^ over a quantity denotes 


an empirical estimate. 
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As indexes of goodness of fit for the two 
models, the quantities 


Q; 
9 a ^ 
2 (Pu =P 


i 


Qj742 


were computed for each set of data. This 
index, it may be noted, would be a Pearson r? 
if a general linear function were fitted to the 
data: It is the proportion of variance of Ps 
accounted for by Py with the prediction 
equation, Although x, like 7°, cannot have a 
value greater than 1, 4 can be negative, for 
the variance of deviations of Ps from the 


fitted ROC curve may be greater than the 
variance of Ps around the mean of the Psi. 


RESULTS AND CONCLUSIONS 


It appears both from Fig. 3 and 
from Table 1 that Equation 2 (the 
Blackwell theory) provides generally 
better representations of the obtained 
ROC curves than Equation 1. These 
data thus provide no evidence that 
the theory of signal detection, in the 
form specified by Equation 1, at 
least, should generally supersede the 
relatively simpler Blackwell threshold 
theory. 

The assumptions"of Equation 1 
may be relaxed—as Swets, Tanner, 
and Birdsall (1961) have suggested 
might be necessary for visual stimuli 
—to permit unequal variances of the 
noise and noise + signal distribu- 
tions. In this case, the predicted 


TABLE 1 


GooDNESS-OF-FIT INDEXES (u) COMPARING 
THE THEORY OF SIGNAL DETECTION TO 
THE BLACKWELL THRESHOLD 


THEORY 
TSD 
Blackwell |. LL ———————————— 
5 Theory 
as) = 7) | MS) HTN) 
.836 .937 
E p .948 .985 
FC-1 674 642 -673 
FC-2 657 —.134 653 
JD —.060 —5.024 212 
CH .804 173 .812 
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ROC curve becomes 


Ps=1-F 


ee 
amA- Aj C9] 
where eqs) is the SD of the noise+sig- 
nal distribution in units of ay. 
As indicated in Table 1, least-squares 
estimates of the two parameters of 
Equation 3 from the six sets of data 
resulted in values of « which are 
comparable to those for the Blackwell 
theory. For two Ss the two-param- 
eter theory of signal detection curves 
provided closer fits of the data than 
the one-parameter Blackwell curves. 
But Equation 3 has the awkward 
implication that, for high values of 
Py, the probability of a “yes” 
response with no signal is higher than 
the probability of a positive response 
with the signal present! Fitting the 
two parameters to the data from Sub- 
ject JD, e.g., (es = 6.00, d = 3.92), 
results in an ROC curve indicating 
that when Py = .95, Ps is only .82. 
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STIMULUS FLUCTUATION, 


AND TIME BETWEEN TRIALS IN 
EYELID CONDITIONING 


WILLIAM F. 


REACTIVE INHIBITION, 


CLASSICAL 


PROKASY: 


Pennsylvania State University 


Predictions from the constructs of 
element sampling were tested in hum 


manipulating both mean intertrial interv; 


The major finding 
affected by wheth 
probability, latenc 
of the immediatel 
effect appears to re: 
for incomplete late; 
of the tested constructs was obtained. 


temporal cues in the Situation was su 


Two theoretical constructs c. 
count for the f. 


an ac- 
act that, in classical 
eyelid conditioning, response prob- 
ability increases more rapidly with 
spaced than with massed trials. The 
construct of reactive inhibition (Hull, 
1952, p. 9) yields this result because 
reducing the amount of time between 
trials also reduces the amount of time 
available for the dissipation of re- 
sponse-produced inhibition, with the 
consequence of reduction in overall 
response probability. 

The constru 
fluctuation (Es 
P. 424) provid 
based on the 


able to be 
al. 
Prokasy, 1961) th 
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reactive inhibition and stimulus- 
an classical eyelid conditioning by 
al (ITI) and ITI variability. 
an acquisition curve was un- 
fixed or varied, (b) response 
ere conditional on the duration 
d (c) the typical massed-spaced 
ias imposed by a failure to adjust 
Unambiguous support for neither 


; and an interpretation in terms of 


ggested. 


construct, applied as 
of elements betwee 
lected on à trial 


an interaction 
n the sample se- 
and the population 
from Which, the Sample came, is also 
adequate to account for the typical 
massed-spaced effects. 

Radically different predictions fol- 
low from the two constructs when 
they are applied to the Sequencing 
of different ITIs. If a set of IT] 
values, say, 5, 10, 15, and 20 sec., 
is given for many trials in a random 
order, it is possible to obtain r 


t is esponse 
probabilities Separately for trials fol- 
lowing each IT] value. Dueto the de- 


pressing influence ofreac 
there should be an incre 
probability as a functio 
Ifstimulus-element fluc 
there will be a correlat 
decreases with time se 
between the sam 
cessive trials, 


tive inhibition 
‘ase in response 
n of ITI value. 
tuation occurs, 
ion, one which 
parating trials, 
ples drawn on suc- 
The result of this 
initially high, but decreasing, cor- 
relation. should be a probability de- 
crease as a function of ITI value. 

It is unreasonable to expect an 
experiment to constitute a critical 
test between the two constructs, 
Simply because they are not mutually 
exclusive: both, neither, or either 
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might account for response variance. 
If neither is adequate, the results of 
an experiment cannot tell us this, 
if only because we must obtain either 
no significant differences, which rarely 
educates us, or an outcome consistent 
in some degree with one or the other. 
The tactic, then, is to determine which 
of the two better approximates the 
results and, wherever possible, at- 
tempt to account for the exceptions 
with the realities of a particular 
experimental setting. 

Results to date have been am- 
biguous. Prokasy and Whaley (1961) 
found no correlation between response 
probability and length of ITI value, 
while Prokasy and Whaley (1963) 
found aslight, though reliable, positive 
relationship. Krauss and Prokasy 
(1963) found, however, a_ higher 
response probability following a 5-sec. 
ITI than a 50-sec. ITI when just 
those two values were randomly 
ordered. 

Since the shortest average ITI in 
the studies to date was 12.5 sec., 
it may be that a relationship exists 
but requires a shorter average ITI 
to be observed reliably. This, then, 
was the major purpose of the present 
experiment: to investigate the effects 
on conditioning performance of ma- 
nipulating time between successive 
trials, with emphasis placed on short 


average ITIs. 


METHOD 


—The apparatus for picking up, 
d recording eyelid responses 
(Prokasy & Whaley, 


Apparatus. 
amplifying, an 
is described elsewhere 


aa a 450-msec. increase in bright- 


The CS was à 1 
ness front 5.2 to 295.6 mL. of a 3-in. milk-glass 
32 in. in front of 


disk located approximately 1 
S, about 11 in. below eye level. The UCS 
was a 50-msec. puff of nitrogen delivered to 


S's right cornea 450 msec. after CS onset. 
It was delivered through a 4.5-mm. diameter 
jet adjusted to between .25 and .75 in. from 


S's evelash, and was sufficient to support a 
175-mm. column of mercury. 

Interstimulus interval, CS, and UCS dura- 
tions were controlled by Tektronix timers. 
Equipment cues were masked by a 70-db. 
(re .0002 dyne/cm?) white noise sound screen 
which was presented through a speaker 
mounted in S's cubicle. 

Subjects —The Ss were 156 volunteers from 
introductory psychology courses at the 
Pennsylvania State University who par- 
ticipated in the study to fulfill part of a course 
requirement. Six were lost through apparatus 
failure or E error. 

Experimental design.— he design was a 
2 X 3 factorial, with two levels of average ITI 
and three levels of ITI variability. The 
average ITIs were 4 and 8 sec. The three 
levels of ITI variability were zero (i.e., fixed 
ITI), variable (2, 4, and 6 sec. in the 4-sec. 
groups and 2, 4, 6, 8, 10, 12, and 14 sec. in the 
8-sec. group) and extreme (2 and 6 in the 
J-sec. group and 2 and 14 in the 8-sec. 
group). Group designations will derive directly 
from the treatment combination: e.g., “4V” 
will refer to a 4-sec. average ITI with the 
variable ITI values of 2, 4, and 6 sec., and 
"SE" will refer to the 8-sec. average ITI 
with the extreme values of 2 and 14 sec. 

The Ss were assigned, 25 to a group, to 
the six treatment combinations unsystem- 
atically. All were given 295 trials in a single 
on, with the different ITI values ad- 
ministered an equal number of times (in 
unpredictable order) within each of the V 
and E treatments. They were instructed 
to sit quietly, not to try to figure out the 
experiment, and to let their reactions take 
care of themselves. The occurrence of a 
1-mm., or greater, pen deflection at least 
160 msec. after CS onset, but prior to and 
overlapping the UCS, defined a CR. La- 
tencies and slopes were measured from thc 
time derivative of the response, which was 
recorded via an electronic differentiator. 
The slope index was the maximum displace- 
ment (in millimeters) of the derivative pen 
during the occurrence of a CR, which is, 
therefore, a measure of the peak speed at- 
tained during eyelid closure. 


RESULTS 


Conventional analyses.—Response 
probability in blocks of 20 trials 
(with only 15 trials composing the 
final block) is plotted in Fig. 1. As 
anticipated, probability was greater 
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BLOCKS OF 20 TRIALS 


Fic. 1. Response probability across blocks of 20 trials. 


for a mean ITI of 8 rather than 4, 
sec., F (1, 144) = 13.12. The per- 
formances of the F, V, and E groups, 
however, are indistinct: Even with 
a mean ITI as short as 4 sec., whether 
or not the I'TI is fixed has little or no 
effect on overall response probability, 
F (2, 144) = .27. In addition to the 
general rise in probability across trials, 
there was a significant ITI X Blocks 
interaction, F (14, 2016) — 3.98. This 
reflects the different growth rates of 
the two average ITIs, but not dif- 
ferences in asymptote: performance 
in Groups 4F, 4V, and 4E did not 
stabilize. 

Latency, latency SD, and slope SD 
were evaluated for each S by dividing 
the trials into blocks of 100, 100, and 
95. Latency SD and slope SD were 
obtained separately for each S, re- 

Sa therefore, a minimum of two 
quiring, from each S in each block. 
repon eled to meet this criterion 
Tyo i roportionality was restored 
aod r a analyses on Ns 

-bas E ath 
oF 24 in each treatment combination. 


The resulting group means and SDs 
are reported in Table 1. 

The only significant source of vari- 
ance with latency as the measure 
is the interaction between mean IT] 
and Blocks, F (2, 276) = 9.09, which 
results from a latency decrease over 
blocks in the 8-see., but not in the 
4-sec., groups. 

Latency SD was sensitive to both 
independent variable manipulations. 
As mean ITI increased, latency SD 
decreased, F (1, 138) = 5.04. La- 
tency SD was largest in Groups 4F 
and 8F and smallest in Groups 4V 
and 8V, F (2, 138) = 27.75. Table 1 
shows that latency SD decreased in 
the F and V groups as ITI increased, 
but did not in the E groups, the ITI 
X FVE interaction being significant, 
F (2, 138) = 5.78. "The reduction in 
latency SD across blocks was also 
significant, F (2, 276) = 24.51. 

` Neither slope nor slope SD varied 
systematically with mean ITI or 
FVE, although both decreased across 
blocks, F (2, 276) = 16.60 and 13.40 


— 


INTERTRIM 


for, respectively, slope and slope SD. 
In addition, there was a Blocks 
X FVE interaction, F (4, 276) — 3.34, 
which resulted from an increase in 
slope SD, unique to the V treatment, 
in the final block. 

Effects conditional on IT I.—Since 
the V groups received either. three 
(4V) or seven (8V) different ITI 
values, it was possible to assess the 
average effects of the immediately 
preceding ITI on momentary response 
characteristics For example, the 
2-, 4-, and 6-sec. ITI values appeared 
98 times each in the schedule for 
Group 4V. The 295 trials were 
divided into blocks of 150 and 145, 
with 50 instances of each interval 
appearing in the first, and 48 in the 
last, block. A similar division was 
made for Group 8V, though there 
were only 42 instances of each of the 
seven ITIs over the 295 trials. 
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Table 2 summarizes response prob- 
ability, latency, latency SD, slope, 
and slope SD for the two groups. 

Of interest for present purposes 
the of ITI duration? In 
Group 8V probability increased and 
latency, latency SD, and slope de- 
creased as a function of the duration 
of the immediately preceding ITI, 
F (6, 23) = 5.19, 16.13, 3.61, and 
4.78. respectively. Although the re- 
lationships tended to be less in the 
second block than in the first, the 
ITI X Blocks interaction was sig- 
nificant, F (6, 23) = 3.40, only for 
the latency measure. 

Probability increased and latency 


effects 


3 The statistical results in each subgroup 
analysis primarily related to block effects 
are not reported, as they duplicate the results 
of earlier overall analyses. However, com- 
plete summary tables are available from the 
author. 


TABLE 1 


MEAN AnD SD or Latency, Latency SD, SLOPE, AND SLOPE SD OVER THREE 


BLOCKS oF ‘TRIALS 


Latency® Blocks Latency SD» Blocks Slope’ Blocks Slope SD» Blocks 
Group — 
H 2 8 H 2 3 1 2 3 1 2 3 
4 Sec. ITI | | 
F 
M 313 |322 |321 | 69.2 | 67.9 | 63.3 | 9.75] 9.55| 9.79 | 3.17 | 2.71 | 2.18 
SD 51.2) 39.7] 37.3| 13.1 | 11.1 | 10.2 | 2:78) 2.57] 2.41] 1.86 | 1.26 | 1.40 
v 
M |318 |326 |32F | 53.3 | 47.8 | 47.1 | 12.33 | 11.10 | 10.66 | 3.31 | 2.75 | 3.50 
SD 45.5] 43.2] 354 | 9.6] 7.0] 81]| 3.48] 2.92] 2.74] .67| .67 71 
M 327 |324 | 321 | 589 | 53.4 | 52.9 | 11.57 | 10.71] 10.78 | 3.53 | 2.91 | 2.81 
SD 46.0  39.0| 37.6| 11.0 | 10.4 | 11.1] 2.76| 2.47] 2.62| .72| .63| .62 
8 Scc. ITI 
p M 310 |303 |299 | 61.8 | 54.4 | 53.3 | 10.76 | 9.81| 9.90 | 3.30 | 2.67 | 2.85 
SD 51.1| 47.1| 48.1| 12.4 | 12.3 | 14.3 | 2.40] 221| 219| “71 | 162] 57 
V a 319 309 |305 | 48.7 | 43.2 | 45.1 | 11.82 | 11.16 | 10.79 | 2.99. | 2.89 | 2.93 
SD 65.2| 70.8, 59.5] 15:4 | 14:2 | 8.2 | 3.23| 3.13] 2.85| .70| .80| 1.44 
M |319 |316 |311 | 61.6 | 56.0 | 55.5 110.59 | 9.63| 9.33| 3.16 | 2.94 | 2.67 
SD 55.4| 54.6| 53.8] 14.9 | 8.3 | 9.6 | 2.60! 2.67| 2.69| .74 | .62| .65 


Note.—N = 24 for 4-sec. and 8-sec. IT Is. 
s Hm and latency SD are in milliseconds. 
b Slope and slope SD are in millimeters. 


468 WILLIAM E 


PROKASY 


FABLE 2 


PROBABILITY, LATENCY, Latency SD, SLOPE, AND SLOPE SD as a FUNCTION OF THE DURATION 
or THE IMMEDIATELY PRECEDING INTERTRIAL INTERVAL IN GROUPS 8V AND 4V 


Latency * 


Block 
IT! 
1 2 1 2 
SV . 
2 337 318 5 
4 321 313 " 
O 314 302 4 
8 310 302 4 
10 304 305 4 
12 309 305 4 
14 314 302 3 
"m 11:1 2 
2 609 „126 328 333 5 
El 611 789 atz 323 i 
6 667 .180 318 320 
Note.—N = 24 for Groups 8V and 4V. 


itency and latency SD are in r 
* Slope and slope SD are in milli 


and latency SD decreased as a func- 
tion of ITI duration in Group 4V, 
P (2, 23) 5.47, 5.79, and 9.19, 
respectively. There were no effects 
on slope (as there were in Group 8V) 
or slope .SD. 

In Groups 8E and 4E cach of the 
two ITI values appeared 147 times, 
making it possible to determine the 
average effects of short runs of each. 
Thus, for Group 4E the five measures 
were obtained following exactly one, 
two, or three successive instances 
of both the 2- and 6-sec. ITls. 
Similar measures were taken in Group 
8E following the 2- and 4-sec. IT ls. 
These data are summarized in Table 3. 

In contrast to Group 8V, prob- 
abilitv was lower and latency was 
longer following the 14-sec. ITI than 
the 2-sec. ITI in Group SE, P (1, 23) 
= 6,32 and 35.89, respectively. The 

sreases, as a function of ITI, of 
pel ae sp, and slope were also 
latency + i (1, 23) = 6.97 and 8.05, 
significant. In Group 4E response 
was greater following. a 
than a 2-sec, ITI 
Group 4V, but no 


respectively. 
probability 
GSW, rather 


duration, as 1 


Latency SD» 


Oe m pu ia 


Slope SD» 


Block Hlock 
2 1 2 1 2 
2 | dxs ) 128 HD a 2:99 4 3 
i 41.3 11.9 10.9 3.01 2; 
8 42.6 11.7 14,2 2337 | X 
8 12.0 11.3 10,9 3:60 | 2; 
0 42.4 I1. 10.7 3.01 2. 
o 41.6 11.3 10.8 2.79 2, 
+ 30.1 11.4 10.6 Av i" 
2 19,0 11.9 10.7. | 2.91 
bi 43.3 12.1 11.1 3.53 
12.0 12.2 10.7. | 3.12 


systematic main effect was observed 
with the other measures. 

Length of run (ie, number of 
successive instances of a particular 
ITI) influenced measures in both 
Group 8E and Group 4E. In both 
groups probability increased as run 
length increased, X (2, 23) = 3.59 
and 11.93 for Groups 8E and 4E, 
respectively, though in Group 4E 
the effect was largely confined. to 
sequences of the 2-sec. ITI and was 
particularly pronounced in the first 
block, F (2, 23) = 640 and 5.09 
for the Run X ITI and Run X Block 
interactions, respectively. 

Latency was not uniformly affected 
by run length in either group. In 
Group 8E there was a decrease in 
latency as run length increased for 
the 2-sec., but not the 14-sec., ITI, 
which resulted in a significant Run 
X ITI interaction, ¥ (2, 23) = 18.49, 
The same interaction appeared in 
Group 4E, F (2, 21) = 11.27, but 
the size of the effect with Sequences 
of the 2-sec. ITI was sufficient to 
result also in a significant Run main 
effect, F (2, 21) = 19.67. 
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TABLE 3 


PROBABILITY, Latency, Latexcy SD, SLOPE, AND Store SD as 4 FUNCTIONS or 


OF SUCCESSIVE [NSTANC 


Probability Latency* 
Block Block 
Ifi Run Me 
(Sec) | Length 
| 1 2 1 2 
SE* | 
1 455 .856 321 309 
2 2 765 | 885 | 291 00) 
a 804 807 204 288 
1 2720 SIS 331 328 
14 2 ‘754 | 810) 331 A27 
BE TAS | 2887 ' 334 — 329 
AES 
1 | 505 | 222 ! 332 | 333 
2 $ | 2680 | «7d | 340 | sit 
à | -6H 115 316 300 
| 
1 „835 319 313 
6 | 2 SAT 320 x13 
3 SO 0 3M 308 
1 


a Latency and lateney SD are i 
^ Slope and slope SD are in mil 
eN 224. 
"^N 222. 


N = 24 with probability as the measure, 


Of the remaining three measures, 
only latency SD provided additional 
information related to length of run. 
In Group 8E latency SD decreased 
with run length, / (2, 23) = 5.02, 
but not uniformly as the Block XITI 
XRun interaction 


was significant, 
30r 
di P= .855 
o 
a 
= 20r 
o 
m 
Er 
a 
à qo- 
o 
wW 
a 
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THE NUMBER 
sor ELI Vatvrs iv Groves SE axp AE 
Latency SDs Slo; Slope SD 
Block Block Block 
1 2 1 2 1 2 
55.8 | 50.6 11.0 9.7 2.54 
61.8 50.0 10.4 9.5 3.65 
58.2 Adit 10.0 9,4 2,33 
S 46.2 9,0 9.2 2.80 2.75 
S12 40,2 10.6 9.3 3.02 2.40 
45.2 45.3 10.0 8.7 2.54 2.32 
53.4 11.5 11.1 3.10 , 2.88 
58.4 11.9 11.4 3.31 2.81 
48.7 11.6 | rt $49 ' 2.54 
54.3 49.3 11.6 | 12 2.74 
51.6 40.1 11.4 10,9 3.90 
MS 49,9 11.4 11.0 23 
F (23, 23) 5 3.82... lu Group +E. 


there was a significant. Block X Run 
interaction which reflects a generally 
decreasing latency SD as a function 
of run length, F (2, 21) = 3.66, with 
the extent of decrease depending upon 
the particular block. 


1234567289101 
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Two individual S latency distributions obtained from 


Trials 96-295. (There are 11 categories, each 26 msec. in width, 


beginning with 160 msec. and ending with 447 msec, The P 


are response probabilities.) 


values 
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Latency distributions —Latency dis- 
tributions for individual Ss were ob- 
tained over the last 200 trials of the 
session. Figure 2 shows two of these 
distributions, both from Group 8V. 
Approximately 1% Sts 


Yo Of the first 
responses fell in the latency category 
just preceding UCS onset, whereas 
approximately 10% of the second S's 
responses fell in the last latency 
category. It is apparent that the 


latency distribution of the second S 


therefore, 
probability 


is incomplete and that, 
the recorded response 
is biased downward. 

The bias illustrated in Fig. 2 is not 
independent of treatment combina- 
tion. Mean and median probabilities 
were obtained for those Ss having 
no more than 5% of their responses 
falling in the last latency category, 
and are shown in Table 4. The 
recording bias is readily apparent 
with two comparisons. First, sig- 
nificantly fewer Ss met the criterion 
in the 4.sec, groups, x? (1)=6.4, 
P «05, indicating that more in- 
complete latency distributions exist 


in the 4- than the 8-sec. groups. 
TABLE 4 
RESPONSE PROBABILITY FOR THOSE Ss wirta 
No MORE THAN 596 or Tuer RE- 
SPONSES IN THE FINAL LATENCY 
CATEGORY 
Mean ITI 
SSS eee 
4 Sec, 8 Sec. 
p v 11 20 
M | .845 -881 
Mdn .890 .950 
v | 
10 22 
i .970 939 
Mdn .983 .935 
E 12 17 
N 931 821 
M 960 "825 
Mdn ý 
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Second, the massed-spaced effect 
shown in Fig. 1 is not evident in those 
Ss meeting the criterion. In par- 
ticular, median probability was higher 
in Group 4E than in Group 8E, Mann- 
Whitney U (11, 16) = 21, p « .002. 


Discussion 


Discussion of the overall 
spaced effect will be deferred, 
other overall results are worth noting, 
One is that the mean acquisition curve 
does not reflect whether or not the inter- 
trial interval is fixed or varied. Since 
response probability is conditional on the 
duration of the immediately preceding 
ITI, temporal effects obviously 
When the 


these 


massed- 
but two 


exist. 
intertrial interval is varied, 
effects apparently average 
out to a level little different from that 
obtained with a fixed ITI. 

The other result is that even though 
probability rises rapidly, particularly 
in the 8-sec. groups, there is a steady 
decrease in the variance of both latency 
and slope over trials, Furthermore, 
response slope decreases (i.e., lid closure 
becomes less rapid) across trials. 


local 


€ The 
conditioned eyelid response, then, shows 
characteristics not unlike those that 


accompany the acquisition of a motor 
skill: an increase in response precision 
with continued training. 

As anticipated, effects conditional on 
ITI duration were enhanced by adopting 
much shorter average ITIs. One set of 
the obtained conditional probabilities 
follows directly from the inhibition 
construct: the increase in 
Probability as a function of the immedi- 


ately preceding ITI duration in Groups 
4V, 8V, and 4E. 


be reconciled with tł 
fluctuation 
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occur with successive conditioning ses- 
sions (Prokasy & Whaley, 1963). 

The fine-grain results of Groups 4E 
and 8E are consistent with the construct 
of stimulus-element fluctuation, whether 
between two stimulus populations or 
between a population and the sample 
drawn from it: successive instances of 
the 2-, 6-, and I4-sec. ITIs resulted in an 
increase in response probability. Fur- 
thermore, the increases were greater 
in the first than in the last trial block, 
which is also consistent with the con- 
struct. particular predictions 
result. solely from continuous 
response probability: Response 
ability should be higher for the second 
of two successive 2-sec. ITIs simply 
because more clements have been con- 
ditioned prior to the trial following the 
second than following the first of the 
two ITIs. Additionally, as proba- 
bility nears asymptote fewer elements 
remain not conditioned and, therefore, 
the effect of differing lengths of ITI 
should become smaller as, indeed, ap- 
pears to have been the case in the final 
trial block.4 Since response probability 
following the 2.sec. ITI was greater 
than that following the 14-see. ITI in 
Group 8E, the fluctuation construct 
provides an adequate summary for all 
of the probability information available 
from that group. 

If it is assumed that among the 
stimulus conditions necessary for the 
occurrence of a CR are included, cues 
acquired on the basis of the temporal 
distribution of trials, an alternative 
interpretation of the data is possible. 
Such cues would be determined by 
the discriminability of the particular 
ITI values employed, the likelihood of 
particular ITI values succeeding them- 
selves, and the amount of redundancy 


These 
rises in 


prob- 


4The construct of stimulus fluctuation is 
treated independently of the prediction 
within statistical learning theory that re- 
sponse probability should asymptote at 
unity. The value of the construct in no way 
hinges on that particular prediction, since 
the assumed fluctuation of elements is un- 
related to whether or not they are con- 
ditioned, 
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For ex- 
is highest 


in the temporal distribution. 
ample, temporal redundancy 
with the F (ie. fixed ITI) treatment 
and this might well reduce somewhat 
the effectiveness of CS onset as a deter- 
miner of the response.) It was in the 
F treatment that the latency distribu- 


tions were most heterogeneous. By 
comparison, temporal redundancy is 
lowest for the V treatments (and 
latencies most homogeneous). The 


amount of time separating the different 
ITI values is not particularly large, 
making them relatively indistinguishable, 
with the net effect that the best infor- 
mation available to S is that the likeli- 
hood of one trial immediately following 
another is low but increases rapidly 
with time. If S's attending behavior 
paralleled this probability increase the 
obtained results make sense: greater re- 
sponse probability and shorter and more 
homogeneous latencies as time between 
trials increases. 

Randomly ordering 2- and 14.sec. 
ITIs resulted in higher probability and 
shorter latency following the 2-sec. ITI. 
Krauss and Prokasy (1963) obtained 
the same probability effect with random 
orderings of 5- and 50-sec. ITIs. The 
characteristic common to both of these 
distributions is that a trial is either 
followed immediately (with a prob- 
ability of .5) by another trial or that a 
relatively long span of time elapses 
before another trial occurs. The ob- 
tained results are plausible if S learns to 
pay attention immediately following a 
trial and then, in the absence of another 
trial, relaxes and is subsequently not 
ready for one when it does occur. 

That latency distributions in human 
eyelid conditioning are incomplete is not 
a new finding. Ebel and Prokasy (1963) 
report individual-S distributions which 
overlap UCS and other 
studies (e.g., & Moore, 


occurrence 
Gormezano 


5 This was shown more clearly in recent 
data from our laboratory. Training Ss with 
a fixed intertrial interval, and then following 
just one trial with either a longer or a shorter 
ITI resulted in sharp drops in response prob- 
ability on the subsequent trial. 
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1962) provide group distributions which 
are curtailed by the UCS. What is new 
is that whether or not distributions are 
incomplete depends upon the particular 
treatment combination. With the usual 
scoring procedure there was a verv 
powerful massed-spaced effect, consistent 
with earlier studies (e.g., Proka Grant, 
& Myers, 1958; Spence & Norris, 1950). 
But the entire effect was obliterated, or 
reversed, simply by analvzing the data 
of Ss whose latency distributions were 
nearly complete. It may be that massed 
training in human eyelid conditioning 
does not actually lower response fre- 
quency, but only produces ‘ hanges in 
the latency distribution. Under these 
circumstances an arbitrary scoring inter- 
val (e.g., 150 msec. after CS onset until 
UCS onset) can result in wholly different 
growth rates and asymptotes when 
nothing but a latency difference exists. 

It would be surprising if the effects 
of an arbitrary scoring technique were 
confined to the ITI variable, We know, 
&g, that UCS intensity (Gormezano & 
Moore, 1962) and interstimulus interval 
(Ebel, & Prokasy, 1963; Prokasy, Ebel, 
& Thompson, 1963) affect latency dis- 
tributions. In view of present data. 
it is doubtful that these, or other vari- 
ables, can be investigated adequately 
with a scoring method which fails to 
take into account shifts in location and 
Variance of response latency, 
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TIME BETWEEN “TESTS 
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Short-term retention of individual trigrams was tested in blocks of 6 


tests with within-block 


blocks. 


was inversely related to time between tests, 


intervals of 5 or 10 sec, 
Recall at retention intervals of 0, 3, 
Recall at the 9-sec. interval was a direct function of intert 
Intrusions of a letter from the previous trigram at a specitic 


and 91 see. between 
and 9 see. was tested. 
interval. 
position 
Phe problem posed for 


interference theory by a decline in proactive interference over a rest 


interval was considered. 


The rapid forgetting of three un- 
related letters (Peterson & Peterson, 
1959) or words (Murdock, 1901) 
after a brief presentation has not been 
easy to explain. in inter- 
ference, The interpolated activity, 
counting backward, utilized materials 
categorically different from the ma- 


terms of 


terials to be recalled and presumably 
should not produce any great amount 


of retroactive interference (RI). Pro- 
active interference (PI) from pre- 
vious tests in the session appears 


to account for some of the forgetting, 
in that Keppel and Underwood (1902) 
in their initial. experiment using a 
brief auditory presentation found a 
significant drop in recall from first 
to second tests of the session, tests 
which were used as practice by 
Peterson and Peterson. However, 
retention of a third trigram in the 
Keppel and Underwood study did not 
differ significantly from the second, 


and, indeed, recall of the second 
and third trigrams was no better 
than that found by Peterson and 


Peterson in the last quarter of a 48- 
test session. Retention of the first 
trigram presented to Ss was only 50% 
accurate after an 18-sec. retention 

1 This research was facilitated by Grant 
GB-704 from the National Science Founda- 
tion to Indiana University. Richard. Cooley 
assisted in the investigation. 


interval. Interference from other 
items in the session could not account 
for this, and the only other proactive 
lay in preexperimental ex- 
Relevant to. this con- 
sideration is the question of what 


source 


periences. 


effect the passage ol time since learn- 
ing of previous materials mav have 
on their interfering capacity. lf 
previous learning is forgotten as time 
then its interfering effects 
should diminish. This variable has 
been studied in an immediate memory 
experiment by Conrad (1960). Tle 
varied the time interval between suc- 
cessive tests of digit span over a range 
of 15-40 sec. No differences in num- 
bers of correct recalls were found, al- 
though serial-order intrusions from 
immediately preceding tests decreased 
asa function of time. However, recall 
was tested immediately after conclu- 
sion of presentation, and PI can be 
expected to increase with lengthening 
of the retention interval 
1962). 

The present experiment investi- 
gated the effect of varying the length 
of the rest interval between tes 
using single trigrams presented in a 
single, brief visual exposure. Instead 
of following the lead of Keppel and 
l nderwood in their second and third 
experiments and maximizing PI by 
Increasing exposure time and hence 


passes, 


Postman, 


473 


474 


degree of learning of previous items, 
PI was maximized by shortening 
the time permitted for recall. Under- 
wood (1950) has shown that in list 
learning PI is inversely related to 
the length of time allowed for recall. 
It was considered that a finding oí 
decreasing PI as time between tests 
increased would (a) be relevant in 
weighing the plausibility of attributing 
forgetting in a present experimental 
session to experiences in the past, 
and (5) offer a problem for inter- 
ference theory, if it should be found 
that PI decreased over an unfilled 
rest interval. 


METHOD 


The Ss were 96 students enrolled in intro- 
ductory psychology classes at Indiana Uni- 
versity. ‘They were assigned in order of 
appearance to a randomized list of experi- 
mental conditions. All Ss received six blocks 
of six tests each, with 91 sec. elapsing from 
signal for recall on the sixth test of a block 
to exposure of the trigram on the first test 
of the next block. For half the Ss the intertest 
interval from signal to recall the trigram of 
one test to exposure of the next trigram was 
5 sec., while for the other half this interval 
was 16 sec. In either case Prior to the start 
of Block 1 there were nine practice tests with 
the assigned 5- or 16-sec. intertest interval 
separating them, and a 91-sec. interval 
separating the last of the practice tests from 
the first trigram of Block 1. 

The items Presented were CVC trigrams 
of association value below 11% (Archer, 
1960). A trigram was shown for slightly less 
than 1 sec. in a memory drum, followed by 
exposure of a 3-digit number. The Ss were 
instructed to count backward by 3 as fast as 
possible until recall was signaled bv a bell 
and the going out of the light on the drum 
paper. 'The retention interval was either 
0, 3, or 9 sec., as timed by a decade interval 
ea a given ; S each retention interval 

ared twice in an irregular order within 
appe lock of six tests. Over the first three 
garh bion ch retention interval was tested 
DICKS ws h position in the block. Over the 
once at Y end numbers of Ss were tested 
group of i in interval on a particular test, 
at each rete ssigned to the six blocks and 
Trigrams were a 
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Positions such that within a block a given 
vowel or consonant was not used more than 
twice and was separated by at least two tests 
from its previous use. The order in which 
the blocks of trigrams were presented was 
randomized for each S. 


the response given last during the 
ł sec. after signal for recall was scored. 
In the 3-sec. condition the drum turned to a 
blank space 4 sec. after the signal for recall, 


and | sec. later turned to the next trigram, 


RESULTS 


As Fig. 1 shows, the 16-sec. inter- 
test interval resulted in more accurate 
recall than a 5-sec, 
with cither a 3- or 9-sec. retention 
interval. There was also a decline 
in recall from first to second position 
in the block for all save the 0-sec. 
retention intervals. An analysis of 
variance was run leaving out the 0- 
sec. retention intervals because of 
their extremely low variability, Tests 
from the first three Positions in a 
block were combined within each 
condition for each S, as were Scores 
from the last three positions, A 
three-factor analysis resulted, con- 
sisting of 3 vs. 9 sec. retention inter- 
vals and Positions 1-3 vs. 4-6 as 
within-S comparisons, while the 5 
vs. 16 sec. intertest intervals were 
between-S comparisons. Retention 
Interval was found to be significant, 
F (1, 282) = 355.7, as were Position, 
F (1, 282) = 8.9, and Intertest In- 
terval, F (1, 94) = 31.0. The Posi- 
tion X Retention interaction was sig- 
nificant, F (1, 282) = 7.3, as was also 
the Position X Retention X Intertest 
Interval interaction, P (1, 282) 2 4.6. 

The Significant interactions reflect 
the decreasing recall from beginning 
to end of a block found at the 9-sec. 
retention interval, which did not 
appear at the 3-sec, retention interval. 
Note also that even after à 91-sec. 


interval, a difference re- 


intertest interval 


intertest 
mained between the 5- and 16.sec. 
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intertest groups at a 9-sec. retention 
interval which was not found at the 
3-sec. retention interval. There is 
evidently a cumulative effect which 
did not dissipate as rapidly over the 
long rest interval for the 5-sec. 
within-block interval as with the 
16-sec. within-block interval, or per- 
haps there is more to dissipate in 
the former case. ; 
Evidence for interference from 
specific items was sought in an error 
analysis. Intrusions of complete 
trigrams into recall were infrequent, 
not exceeding 595 of the tests in any 
condition. Another type of error 
occurred more frequently, the cer- 
roneous occurrence of a letter in recall 
of the zth trigram which was correct 
in that same position in the trigram 
of the (z — 1)th test. An analysis 


1.0 


w 


o 


PROPORTION RECALLED 
ES 


Am ie pa 


of these position intrusions, sum- 
marized in Fig. 2, shows a low rate 
of occurrence in the first test of a 


block with a striking increase in 
frequency with the next test. Fur- 
ther analy was carried out by 


computing for each S the conditional 
probability that a position intrusion 
occurred given that a correct response 
had not been made. Positions 2-6 
were combined within each condition, 
and Position 1 excluded because of 
the paucity of recall failures in that 
position. Even so nine Ss in the 
16-sec. intertest interval group had 
to be omitted from the analysis be- 
cause of a lack of recall failures after 
a J-sec. retention interval. Since 
only one S had to be excluded for 
this reason from the 5-see. intertest 
interval group, eight other Ss from 


à }OR 


2 3 4 5 6 
POSITION IN BLOCK 


Fic. 1. The proportions of trigrams correctly recalled after retention intervals of 0 sec, 
(0 R), 3 sec. (3 R), or 9 sec. (9 R) by Ss having a within-block intertest interval of 16 sec. 
(16 D or 5 sec. (5 T). 
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occurred after a retention interval of 3 sec. 
intervals of 16 sec. (16 I) or 5 sec. (5 I). 


this group who ranked at the top 
in performance at the 3-scc. retention 
interval were omitted from the analy- 
sis in an attempt to make the two 
groups approximately equal in ability. 
The means of the conditional prob- 
abilities for the 5-sec. intertest inter- 
val group were found to be .55 and .40 
for the 3- and 9-see. retention inter- 
vals, respectively. The corresponding 
means for the 16-sec, intertest interval 
group were .59 and .35, An analysis 
of variance found Retention Interval 
to be significant, F (1, 76) = 23.5. 
Neither the Intertest Interval. nor 
the interaction was significant, There 
found a greater relative fre- 
quency of pua errors e id vem 

.ntion interval as con ras e to 
rete cern retention interval in spite 
the 9-sec. re frequent recalls found 
of the mát Pe ana 
after a 3-sec. Te 


was 


The proportions of tes:s in which position int 
(3 R) or 9 sec. (9 R) and 


rusions from the previous presentation 
within-block intertest 


Discussion 
The number of Position intrusions 
in this experiment decreased over a rest 
interval. Since these were inversely 
Proportional to the number of correct 
recalls at Corresponding intertest inter- 
vals, the interpretation could be made 
that as the preceding learning is for- 
gotten it produces less interference. 
A question then arises as to the expla- 
nation of the forgetting of the previous 
learning. Itis not immediately apparent 
that this forgetting is the result of 
interference, If activity during the 
rest interval acted as RI to produce this 
forgetting, then this activity should 
also have served as PI for the following 
trigram, and this was not the case. 

It is conceivable that the previous 
trigram was itself subject to attrition 
from PI with the passage of time. This 
would explain the decrease in position 


intrusions over the intertest interval. 
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However, it would not seem to permit 
an explanation of the increase in number 
correct as the length of the rest interval 
Assuming that the inter- 
ference consisted of competition at the 
time of recall, any decline in PI from 
the previous trigram due to proactive 
effects on that trigram would be replaced 
by these other proactive effects. from 
earlier trigrams. Thus, the sum total 
interference on the current trigram would 
not be reduced by having the interference 
come from earlier trigrams instead of 
the previous trigram. On the basis 
of this line of reasoning it would not 
seem plausible that the decline in inter- 
ference during a rest interval could itself 
be due to interference. 

The relative decrease in 
intrusions from the 3- to 9-sec. retention 
intervals concomitant. with a decrease 
in number correct can be attributed to 
the counting activity which filled. the 
interval. If interference theory is inter- 
preted to include as interfering activities 
those not consisting of learning similar 
in some degree to the learning affected, 
then the forgetting of previous and 
current trigrams during the counting 
interval can be assigned to retroactive 
interference. 

It should be noted that the use of 
intrusions as evidence of interference 
has been questioned by Conrad (1960). 
In an experiment concerned with im- 
mediate recall of digits he tabulated 
serial-order intrusions. These were simi- 
lar to what have been called position 
intrusions in the present paper, save 
that his intrusions were defined in terms 
of S's response to the previous presen- 
tation rather than to the presentation 
itself. Conrad found that serial-order 
intrusions decreased with increase in 
intertest interval even though the num- 
ber of correct recalls remained at the 
same level. There would not seem to 
be any serious discrepancy between 
Conrad's results and those of the 
Dresent study when it is considered 
that he tested at a short retention inter- 
val which when averaged over all digits 
M a sequence would probably be closer 
to the 3.sec. condition of the present 


increased. 


position 
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experiment than the 9-sec. condition. 
Conrad suggests that failure of recall 
occurred. independently of interference 
from previous tests, and the previous 
digit was substituted to fill the gap. 
Applying Conrad's view to the present 
experiment, the increase in number 
correct. with increasing rest intervals 
could be attributed. to performance 


factors, while the decline in position 
errors over the same intervals was a 
matter of decay in time. While this 


may be true in part, it does not seem 
reasonable to hold that occurrence of a 
previous trigram or part of it may not 
have deleterious effect. on recall 
of the present trigram. Thus, we sug- 
gest that some forgetting of the previous 
trigram does occur over a rest interval, 
but when such a trigram does occur it 
interferes with recall of the 
response. The nature of the events 
filling an interval undoubtedly deter- 
mine the rate of forgetting, more similar 
activity producing more rapid forgetting. 
But, any interval not filled with re- 
hearsal appears to produce forgetting 
to some degree. Therefore, the inter- 
pretation of Keppel and Underwood's 
first experiment, in which significant 
forgetting was found on the first test of a 
sion, seems to involve the effect 
of the interval of time spent in counting. 

These conclusions must be limited 
to the case of retention after a single 
brief presentation, for they could not 
be applied without further experimenta- 
tion to presentations of longer duration, 
as in the second and third experiments 
of Keppel and Underwood. In the 
latter case retention was close to 10047 
on the first test of a session, suggesting 
that the counting had little effect. 
In this case a rest interval would not 
seem likely to have any great effect on 
retention cither, and PI 
pected to extend over longer intervals. 
However, the greatest retention loss 
in their second experiment was from the 
frst to the second test, and the added 
loss on the third test was small. The 
third study of Keppel and Underwood, 
which was interpreted as showing con- 
tinued large decrements in recall through 


some 


correct 


ses 


might be ex- 
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six tests, suffers from a methodological 
defect. A given S was tested at reten- 
tion intervals of 3 and 18 sec. in strict 
alternation. After the first test, a 3-sec. 
interval was always followed by an 
18-sec. interval, and vice versa. Given 
a decreasing retention function on the 
second test due to PI, the difference 
between the 3- and 18-sec. retention 
conditions would be expected to increase 
progressively as a result of the greater 
frequency of successful recalls after a 
3-sec. interval in contrast to an 18-sec. 
interval. Assuming that a correct recall 
increases the likelihood of later occur- 
rence of the response, as well as setting 
ahead the zero point on the forgetting 
curve, greater interference from the 
previous trigram should result after a 
3-sec. retention interval than after an 
18-sec. retention interval. No valid 
conclusion can, therefore, be drawn 


from that experiment concerning the 
course of PI. 
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[he operating characteristic is used to examine the relation between 
the recognition of a single item and the recognition of a pair of items. 
29 Ss listened to a sequence of 5 digits, then copied a sequence of 8 digits, 
and then were given a test of recognition memory for 1 or 2 digits from 
the original sequence. The operating characteristic for single digits 
is a smooth function that is symmetrical about the major diagonal, 
whereas the curve for pairs is highly asymmetrical. False-recognition 
rates for test pairs containing 1 digit from the original sequence are only 
slightly greater than false-recognition rates for completely new pairs. 
Recognition of a pair does not appear to result from independent 
recognition of each digit. A mathematical model is developed in which 
the strength of the memory trace has a continuous distribution which is 
incremented in a probabilistic fashion upon presentation of an item 


or pair. 


A recognition experiment is a choice 
experiment, for which powerful ana- 
lytical tools exist (Bush, Galanter, 
& Luce, 1963; Swets, Tanner, & Bird- 
sall, 1961). The analytical tools de- 
veloped in psychophysics can be 
applied to the results of many sub- 
stantive areas so long as the data come 
from experiments that meet certain 
formal requirements. Experiments in 
recognition memory, as opposed to 


experiments in recall, meet these 
requirements. 
In an experiment in recognition 


memory S is asked to judge whether 
a test item appeared in the original 
list (and is an old item) or whether it 
is new. In a choice experiment such 
as this, changes in S’s response biases 
can have as much effect on his per- 
formance as changes in the stimulus 
conditions. A conservatively biased 
S might respond “yes” only if he were 


1 This work was performed while Donald 
Norman was a National Science Foundation 
Postdoctoral Fellow at the Harvard Center 
for Cognitive Studies and was also supported 
by a grant to Wayne Wickelgren, MH 
08890-01, from the National Institute of 
Mental Health, Public Health Service. 


certain that the test item was old, 
whereas a liberally biased S might 
always respond ves unless certain that 
the test item was new. 

We consider here a rather general 
two-stage model of the recognition 
process in which two systems operate 
to determine the response: a memory 
and a decision system. Stimulus 
items are represented in the memory 
system by any one of a number of 
forms—the actual process need not 
concern us at this time. When the 
recognition test takes place, the 
decision system must select a response 
using, as a basis, the information 
provided by the memory system. 
The output of the memory system can 
be characterized as a reflection of the 
strength of the test item in the storage 
system. (At this time it is important 
to note that even a new test item 
may have some strength in the mem- 
ory system.) The decision function 
maps these strengths onto responses 
by comparing the strength of the test 
item with some criterion value. Items 
that exceed the criterion receive a 
response of yes, otherwise they are 
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assumed to be unfamiliar (new) items 
and receive a no response. In this 
scheme, then, false recognitions con- 
tain valuable information. By forcing 
S to vary his biases (and thereby his 
criterion strength) while holding the 
stimulus conditions constant (and, 
hopefully, holding constant his mem- 
ory of the items) we trace out the 
relative strengths of the distributions 
of old and new items. The relation 
between the relative amount of hits 
and false recognitions in psycho- 
physics is called the receiver-operating 
characteristic (ROC curve). To em- 
phasize the study of memory rather 
than signal detection, we call our 
curves the memory-operating char- 
acteristic (MOC curve). 

In the binarv-choice experiment 
just described each point must be 
obtained in what is essentially a 
Separate experiment in which S's 
biases are manipulated by changing 
his instructions or payoffs. Fortun- 
ately, however, a more economical 
technique has been developed (Egan, 
Schulman, & Greenberg, 1959; Pol- 
lack & Decker, 1958). After making 
his binary decision an .S can indicate 
his confidence in that decision. on a 
rating scale, We interpret his con- 
fidence as a direct reflection of the 
strength of the item along a unidimen- 
sional scale from a “most confident 
no" to a "most confident yes." This 
permits us to get several points of the 
operating characteristic in one ex- 
periment. 

The present study applies the 
operating characteristic to examine 
the relation between the recognition 
of a single item and the recognition 
of a pair of items. In partivular, we 
are concerned with the following 
problems: 


1. Is the strength of the memory 


Itivalued, or 
-o valued, mu , 
trace tw 
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continuous? Is the number of values 
different for single items and pairs of 
items? 

2. How does the presentation of an 
item or pair of items transform its 
strength in memory? That is to say, 
what is the relationship between the 
old and new distributions for single 
items and for pairs of items? Is the 
relation different for single items and 
pairs? 

3. How does the nature of the test 
pair affect the recognition of pairs? 
In the case of single items there are 
only two tvpes of test items: new and 
old. In the case of pairs there 
many more possibilities: Test 
might have both items old 
original order, both items might be 
old but in the reversed order, test 
pairs might have only one 
or neither item might be 
the false-recognition 
incre, 


are 
pairs 
and in the 


item old, 
old. Does 
rate for pairs 
ase with increasing similarity of 
the test pair to a presented pair? If 
it does, then it Would appear that 


recognition of a pair results. from 


independent recognition of its com- 
ponents, 


If it does not, then perhaps 
what is recognized is the association 
between the items Or à concept as- 
sociated Strongly to the pair, but 
weakly to each item. 


METHOD 


Procedure.—The procedure for each trial 
was as follows: Presentation: A random 
sequence of five different digits was presented 
at the rate of 4 sec/digit. The Ss listened to 
these digits and attempted to remember them. 
Interference: A random sequence of eight 
different digits (though not all different from 
the first set of five digits) was presented at the 
rate of } sec/di it. The Ss copied these digits 
as they were presented and covered with a 
blank card the digits they copied. Probe: A 
single digit or a pair of digits was presented. 
The Ss decided whether this digit or pair of 
digits was in the original sequence of five 
digits and indicated their confidence in this 
decision on a 5-point rating scale. The Ss 


SHORT-TERM RECOGNITION MEMORY FOR DIGITS 


were given 15 sec. on each trial to indicate 
their decision and confidence. A “ready” 
signal was given at the beginning cf each trial, 
and a buzzer w s sounded during the l-sec. 
intervals between presentation and interfer- 
ence and between interference and probe. A 
trial required about 25 sec. altogether. The 
entire experiment recorded on tape. 

When the probe was a single digit, S's 

decision was ves or no. When the probe was 
a pair of digits (eg, 85), Ss chose one of the 
fellowing four alternatives: (85) both digits 
were in the original sequence in the same order 
as in the probe, (58) both digits were in the 
original sequence but in the opposite order, 
(8 or 8) only the one indicated digit was in 
the original sequence, (no) neither probe 
digit was in the original sequence. The . 
were assured that if both digits were “old 
(i.e., in the original sequence), then thev had 
been immediately adjacent in the original 
sequence in one order or the other 

Design.— There were 20 conditions detined 
by the relation of the probe to the presented 
sequence. In 5 conditions the probe was a 
single digit that had occurred in the presented 
sequence, 1 condition for each serial position 
in the presented sequence. Since the probe 
consisted of one "old" digit, we refer to this 
as Cond. ».. Condition » refers to cases where 
the probe was a single "new" digit (ie, the 
digit did not occur in the original sequence 
of five digits). Condition » occurred as often 
as Cond. o. 

In four conditions the probe was a pair of 
digits that had occurred in the presented 
sequence as a pair of adjacent digits in the 
same order as the probe; there is one condition 
for each serial position for a pair. Since the 
probe consisted of two old digits in the same 
order, we refer to this as Cond. oos. In four 
conditions the probe was a pair of old adjacent 
digits but in the reverse order from their 
order in the presented sequence: this is Cond. 
oor. In five conditions the probe was a pair 
of digits, one old and one new: this is Cond. 
on. |n one condition the probe was a pair of 
new digits (Cond. nn); this condition occurred 
as often as Cond. on. 

There were 18 conditions replicated once 
each per block of 28 trials and. two control 
conditions (x and nn) replicated five times 
each per block. Thus, there were 28 trials 
per block, and three blocks in the experiment, 
for a total of 84 trials. Conditions were 
ordered randomly in each block. All three 
blocks were different. The Ss were 29 MET 
undergraduates who participated in the ex- 
Periment to fulll a requirement of their 
Psychology courses. The 29 Ss were run in 


was 


n 
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two groups of about equal size. Total time 
for the experiment was about 50 min. 


must choose 1 of 10 de 
Leti 1,355 6, 
10 stand for the resoonses running from ves 
with confidence "5" (greatest. confidence), 
through ves with confidence "1" (least con- 
fidence), no with confidence "1," and finally 
to no with confidence * Let ^ix) repre- 
sent the total frequency (over all three blocks 
all serial positions for that condition, and all 
29 Ss) with which res occurred in 
Cond. x. Letr,(x) = Alx) X f(x) represent 
i 


contidence pair: 


ponse i 


the relative frequency with which response # 
i 

Let R(x) = Zrj(x) 
per 


Cond. x. 


occurred in 


represent the cumulative relative frequency 
with which responses 1 through i occurred in 
Cond. x. 

Using the above detinitions it is easy to 
compute two functions that will be use l in the 
analvsis of the data, the MOC curve and the 
a posteriori probability of a response. The 
MOC curve is a plot of Ry(v), the "hit rate” 
for some Experimental Cond. x, against R, (y), 
the "Lalse-recoznition" rate for some Control 
Cond. y. Since the MOC curve is a plot of 
two cumulative-probability functions, one 
against the other, the curve originates at 
(0, 0) and ends at (1, 1). The shape and the 
area under the curve are the principal 
properties of the MOC curve. 

The ratio, ri(o)/[ri(oY + ri(2)]. is the a 
posteriori probability that the probe item was 
old when the response of S was 5 If the 
memory trace has many different dezrees of 
strength over some range of values of 7, then 
the a posteriori probability will be a məno- 
tonic decreasing function of 7, for values of 7 
in this range. |f the memory trace has a more 
or less constant strength for several values 
of i, then the : posteriori probability for these 
values will be constant. 

The analysis 
easier than the analysis of pair conditions 
because with pairs there are four, instead of 
two, possible decisions. However, for our 
purposes it is possible to classify these four 
decisions into two caterories (ves or no). 
Having done this, the data are in the same 
form as the data for single di its, and we can 
use the previously described analytic functions 
for both pairs and single dizits. There are 
two meaningful ways of classifvin y these four 
decisions into two decisions, ordered-pair 
analysis and unordered-pair anlaysis. To 
analyze recognition memory of ordered pairs 


of single-digit conditions is 
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we count a decision as yes only if S responded 
that both digits were old and in the same 
order as the probe. This is called “ord 
scoring." In “reverse scoring," a decision is 
counted as a yes response only if S reversed 
the order of the probe. To analyze recogni- 
tion memory of unordered pairs, we count a 
decision as yes if S responded that both probe 
digits were old, regardless of the order of the 
digits in his response. " 
Theory.—Aside from the purely empirical 
question of whether pairs are re iembered 
differently from single digits, there are certain 
theories of the nature of the memory trace 
that can be evaluated using the data of the 
present experiment. One theoretical issue 
with which we are concerned in this paper is 
whether the memory trace is two valued, 
multivalued, or continuous. With a con- 
tinuity model the memory trace may take on 
all degrees of strength over some range. If we 
assume that the memory traces for both old 
and new items have overlapping normal 
distributions, then we have a "normal- 
continuity model" formally identical to 
Thurstone’s Law of Comparative Judgments 
(1927) and the decision aspects of signal- 
detectability theory in psychophysics. The 
normal-continuity model predicts MOC 
curves that are smooth functions with con- 
tinually changing slope, which when plotted 
on normal-normal probability paper become 
straight lines. This model also predicts that 
the a posteriori probability function will be 
monotonic decreasing. Similar predictions 
would be made by any model which assumed 
that the strength distributions for old and new 
items were continuous and unimodal. There- 
fore, one could refer to this model as the 
“unimodal-continuity model.” 
_ The two-valued strength model of memory 
is formally equivalent to the two-state 
threshold model in psychophysics (Luce, 
1963). The two strengths are “full strength” 
(above threshold) and “no strength” (below 
threshold). In the threshold model it is 
possible for some new items to have full 
strength. This model predicts MOC curves 
that consist of two intersecting straight-line 
segments ending at (0,0) and (1, 1), where 
the probability that an old item exceeds the 
threshold (p) and the probability that a new 
item exceeds the threshold (g) defines the 
intersection of the lines at coordinates (q, p). 
If there are but two states for the memory 
trace, then Ss cannot make the fine distinc- 
tions required of them by the category 
judgments, and the a posteriori probability 
Patios will consist of two horizontal 
straight-line segments, one above the thresh- 
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old having the value p/(p + q) and one below 
the threshold having the value (1 — p)/ 
[(1 — p) + (1 — q)]CNachmias & Steinman. 
1963) 

RESULTS 


Comparison of single digits and 
pairs.—The MOC curve for single 
digits is shown in Fig. 1A and 1B. 
The ordinate is the hit rate estimated 
by the average of all five serial posi- 
tions of Cond. o [ A.(0) ]; the abscissa 
is the false-recognition rate estimated 
from Cond. n [A,(1)]. The data are 
shown on linear coordinates in Fig. 
1A; Fig. 1B contains the same data 
plotted on normal-normal probability 
coordinates. Figure 1 also shows the 
two MOC curves of Cond. oos aver- 
aged over all four serial positions for 
pairs [ A;(oos) ], vs. the Control Cond. 
nn [ R;(12)], analyzed as both ordered 
and unordered pairs. In Fig. 1A the 
smooth curve is the best-fitting predic- 
tion of the normal-continuity model 
for the single digits; the two straight- 
line functions are the best-fitting 
predictions of the two-valued strength 
model to the ordered- and unordered- 
pair data. The normal-continuity 
curves were obtained by visually 
estimating the best-fitting straight 
lines to the data on normal-normal 
coordinates (Fig. 1B) and transfer- 
ring the estimated function to Fig. 
1A. The curves for the two-valued 
Strength model were obtained by 
visually estimating the best-fitting 
pair of straight lines to the data of 
Fig. 1A, with the restriction that the 
lines pass through the coordinates 
(0, 0) and (1, 1). 

The curve for single digits appears 
to be a smooth function of continually 
changing slope that is symmetrical 
about the major diagonal. The fact 
that the MOC curve for single digits 
'S a straight line with a slope of 
approximately 1 in Fig. 1B implies 
that these results could have been 
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Fic. 1. MOC curves for single digits, 


ordered pairs, and unordered pairs. (The 
data are plotted on regular, linear coardinates 
in A and on normal-normal probability co- 
ordinates in B. In A the smooth curve is the 
best-fitting prediction of the normal-con- 
tinuity theory to the data for single digits, 
and the straight-line functions are best-fitting 
predictions of the two-valued strength model 
to the data for pairs.) 


obtained if the strengths of old and 
new items had overlapping normal 
distributions with equal variances. 
The curves for pairs are highly 
asymmetrical and can be closely 
approximated by the two intersect- 
ing straight lines of the two-valued 
strength model. The data are fit very 
poorly by normal-continuity curves, 
even without the restriction that the 
variances of two underlying distribu- 
tions be equal. It is difficult. to 
assess visually the fit of the straight 
lines to the data, particularly above 
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the threshold (the "lower limb" of 
the function) where the correct- 
recognition rate is changing very 
rapidly relative to the false-recogni- 
tion rate. Thea posteriori probability 
function provides a more sensitive 
test for the fit of the two-valued 
strength model. 

The a posteriori probabilities for 
ordered and unordered pairs are shown 
in Fig. 2A and 2B, respectively. The 
straight horizontal lines are the theo- 
retical predictions of the two-valued 
model; and it is clear that, above the 
threshold at least, they do not de- 
scribe the data. The data do suggest, 
however, that although the response 
categories above threshold do convey 
information, those below the thresh- 
old do not. Thus, even though we are 
forced to discard the two-valued 
threshold model, we cannot discard 
the idea of a threshold. 

MOC curves for ordered and un- 
ordered pairs, analogous to those of 
Fig. 1A, can be obtained for Cond. 
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Fic. 2. A posteriori probability func- 


tions for ordered and unordered pairs. (The 
dotted lines are the theoretical predictions 
of the two-valued strength model.) 
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oor. The method of analyzing the 
unordered-pair data of Cond. oor is 
identical to the method of analyzing 
the unordered-pair data of Cond. oos. 
In the ordered-pair analysis for oor, 
however, a response is scored as ves, 
if and only if S correctly reverses the 
order of the probe (reverse scoring). 
Figure 3.Y compares the MX curves 
for the ordered-pair analysis of Cond. 
oos and oor. MOC curves for the 
unordered-pair analysis of Cond. oos 
and oor are compared in Fig. 3B. The 
curves for the two conditions are very 
similar in shape and location, allowing 
us to draw the same conclusions about 
the underlying processes of recogni- 
tion memory in the two conditions. 
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Correct recognition of pairs, either 
ordered or unordered, is superior in 
Cond. oos, but the difference between 
the functions for oos and oor is very 


small. |t is rather surprising that it 
makes so little difference for the 
recognition of pairs whether the 


probe is in the same or reversed order 
as the initial presentation. 

Degree of oldness and Jalse-recogni- 
tion rates.— lIn the preceding section 
the falsc-recognition rate for pairs was 
determined for Cond. nn using or- 
dinary scoring. Using ordinary scor- 
ing in the analysis of ordered-pair 
recognition, false-recognition rates can 
also be determined for Cond. 
00r. Using 


on and 
reverse scoring in the 
analysis of. ordered-pair recognition, 
false-recognition rates can be deter- 
mined for on and oos. In the analysis 
of unordered pairs, the false-recogni- 
tion rates can also be determined for 
Cond. on. 

Using ordinary scoring and ordered- 
pair analysis, the pair conditions were 
ranked as follows according to in- 
creasing "degree of oldness: nn, on, 
oor, and oos. In Cond. nn, neither 
digit is old; in on one of the digits is 
old; in oor both digits are old but in a 
new order; in oos both digits are old 
and in the old order. Using reverse 
scoring and ordered-pair analysis the 
pair conditions were ranked in in- 
creasing degree of oldness in the 
following Way: nn, on, 00s, and oor. 
The ranking of degree of oldness 
depends on the oldness of the response 
that is scored as a yes, not on the 
oldness of the probe pair. With 
reverse scoring the inversion between 
90r and oos occurs because the probe 
pair must be reversed to qualify as a 
yes response, 

The lower three curves in Fig. 4À 
show the cumulative false-recognition 
rates for each response category using 
ordinary scoring and ordered-pair 
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analysis. The false-recognition rates 
are determined for conditions where 
the ves responses have three different 
degrees of oldness—namely, oor, on, 
and sz. lf Ss used partial cues to 
help in the recognition task we might 
expect the results to be ordered by 
degree of oldness; the greater the 
degree of oldness, the more false 
recognitions. The results of the 
ordered-pair analysis show that this 
effect does indeed occur, although the 
magnitude of the effect is very small. 
On the bottom portion of the curves 
(where Ss are responding ves with 
various degrees of confidence), the 
greater the degree of oldness, the 
higher the curve. On the upper 
portions of the curves (where Ss are 
responding no with various degrees 
of confidence) the situation is re- 
versed: the higher the degree of old- 
ness, the lower the curves. These 
results indicate the degree of oldness 
does not help much in deciding 
whether to say yes or no, but Ss 
generally are more contident of either 
a yes or a no decision as the degree 
of oldness increases. 

Figures 4B and 4C present data 
analogous to that in Fig. 4A. In Fig. 
4B we used reverse scoring for or- 
dered-pair analysis. In Fig. 4C we 
used unordered-pair analysis. The 
relationship between degree of oldness 
and false-recognition rate in Fig. 4B 
and 4C is the same as that in Fig. 4A, 
No statistical test has been developed 
to determine if two operating char- 
acteristics are significantly ditlerent. 
However, for the curves in Fig, 4A, 
4B, and 4C it is possible to use the 
Kolmogorov-Smirnov two-sample test 
to determine if the maximum diller- 
ence between any two cumulative- 
probability functions is significant. 
In this case a maximum dillerence of 
0 between two false-recognition 
curves will be significant at the .05 
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level. The maximum differences in 
Fig. 4A, 4B, and 4C are .09, .07, and 
10, respectively. Only the latter 
difference is significant at the .05 
level, though the other differences are 
close to significance. 

The upper curve in Fig. 4A and +B 
and the upper two curves in Fig. 4C 
are the correct-recognition rates for 
ordered-ordinary, ordered-reverse, and 
unordered analyses, respectively. It 
is clear that the differences between 
the correct-recognition curves and 
any of the false-recognition curves are 
far greater than any of the differences 
among the various false-recognition 
curves. The fact that we did not 
obtain a gradual change in recognition 
rate with degree of oldness indicates 
that Ss do not remember a pair of 
digits by the first digit, the second 
digit, and the order independently. 
Memory for a pair is clearly not an 
additive function of the memory for 
its parts. 

Practice and serial-position effects.— 
To examine the effects of practice, we 
computed separate MOC curves for 
each of the three blocks of the ex- 
periment. The results show a definite 
improvement in recognition memory 
for single digits over the course of the 
experiment. However, the opposite 
Practice effect is obtained in recog- 
nition memory of ordered pairs. 
There is no obvious interpretation of 
this difference. We can only suggest 
that the practice effects may result 
from the differential operation of pro- 
active inhibition or a change in 
strategy of Ss during the experiment, 
The reliability of the average MOC 
curve for a condition is underscored 
by the fact that the MOC curves for 
a given condition in each of the three 
blocks of the experiment are similar 
in shape and differ only in height. 

The conventional serial-position 
effect was obtained for both pairs and 
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single digits, but the effect was much 
more pronounced for pairs. 


Discussion 


The findings for recognition memory of 
pairs of digits are rather different from 
the corresponding findings for recognition 
memory of single digits. There is a 
bigger serial-position effect for pairs than 
for single digits, the practice effects are 
opposite in the two cases, and the MOC 
curves have very different shapes. Log- 
ically, the process of recognizing ordered 
pairs must involve more than the single- 
digit recognition process applied to cach 
of the two digits, viz., it must involve 
the recognition of order. However, the 
recognition of unordered pairs could 
result from the independent recognition 
of each digit of the pair. It is possible 
to test this hypothesis using the MOC 
curves for single digits and unordered 
pairs by making some assumptions about 
the way an S combines the recognition 
of single digits into the recognition of 
pairs. One reasonable assumption is that 
S assigns to the pair the decision-con- 
fidence rating that reflects the strength 
of the weakest of the two digits. This 
model is wrong. It predicts an MOC 
curve for pairs that is similar in shape 
to the curve for single digits and sub- 
stantially above it. This means that the 
predicted curve has a shape and location 
entirely different from the empirically 
obtained curve for pairs. Moreover, 
several other models of the way that S 
might combine single-digit recognition 
into pair recognition fail in similar ways. 
The conclusion that pair recognition is 
not based on single-digit recognition is 
further supported by the fact that degree 
of oldness of a pair has so little effect on 
the false-recognition rate. 

„Granted that pair recognition is a 
different process from single-digit rec- 
ognition, what relation obtains between 
the recognition of a pair and the single 
digits that make up the pair? Do pairs 
Containing common digits (94, 49, 91) 
differ from each other in the same way 
as pairs with no digits in common (94, 
83)? The present findings indicate that 
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they do, almost. The false-recognition 
rates for two old items in reverse order, 
one old item and one new item, and two 
new items are almost identical, although 
the ordering of these conditions is 
consistent in the direction of higher false- 
recognition rate for higher degrees of 
oldness. The consistency of the ordering 
should not detract from the more im- 
portant fact that the differences in false- 
recognition rate are extremely small. 

It has already been shown that the 
normal-continuity model is consistent 
with the MOC curves for single digits, 
although other continuous distribution 
functions for old and new digits might 
also describe these data. The important 
result is that the memory trace for a 
single digit may have one or many 
different degrees of strength rather than 
only two or three. It is completely 
consistent with the present findings to 
assume that the distribution of single- 
digit trace strengths is a continuous 
function of a real variable. It must be 
noted, however, that the present findings 
are obtained by averaging over all Ss. 
If there are substantial individual differ- 
ences in the trace distributions and the 
characteristics of the decision systems, 
then it is quite possible to obtain smooth 
average MOC curves from individual 
MOC curves of very different shape and 
consistent with other models. 

There is less need for caution in 
interpreting the MOC curve for pairs 
because such a curve is highly unlikely 
to result from averaging individual 
curves of very different shape. The 
straight-line portion of the MOC curve 
for pairs is inconsistent with the normal- 
continuity model, no matter what one 
assumes about individual differences. 
However, as we shall show later, it is 
the unimodal-distribution assumption, 
not the continuous nature of the memory 
trace that is contraindicated by the 
data. The a posteriori probability 
results for pairs are incompatible with 
the two-valued strength model, but this 
incompatibility is just the kind that 
Could result from averaging individuals. 
Hence we must be cautious in deciding 
that the memory trace has more than 
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two values in either single-digit or pair 
recognition, though the group data are 
certainly not well described by the two- 
valued strength model in either case. 
Although we cannot conclusively es- 
tablish whether the memory trace is two 
valued, multivalued, or continuous for 
cither single digits or pairs, we can reach 
a definite conclusion about the process of 
incrementing the strength of digit pairs 
upon presentation of the pair: Some 
pairs are not incremented by presenta- 
tion. With a two-valued or multivalued 
strength model, this amounts to assum- 
ing that presentation increments the 
strength of a pair with some probability, 
T <1. This probability cannot be unity 
because in that case there would be no 
old pairs in the category with the lowest 
strength. The deterministic-increment 
model predicts that the straight-line 
portion of the MOC curve would be 
parallel to the horizontal axis, running 
through the point (1, 1). This model is 
clearly wrong. With a continuous- 
strength model, the MOC curve for pairs 
clearly requires that the strength dis- 
tribution for old pairs be bimodal, with 
one portion of the distribution being 
directly beneath the distribution for new 
pairs and proportional to it. The most 
reasonable way for this to occur is for 
some pairs not to be incremented in 
strength by presentation, which is a 
formal way of stating one consequence 
of not "attending" to a pair. Thus, 
whether trace strengths are two valued, 
multivalued, or continuous, it is clearly 
necessary to assume that pair strengths 
are incremented with probability, 7 < 1. 
On the other hand it is perfectly reason- 
able to conclude from the present data 
that the trace strength for a single digit 
is incremented with probability, 7 = 1. 
This result is quite plausible on intuitive 
grounds if we assume that Ss code and 
rehearse the digits in nonoverlapping 
pairs. This would result in attending 
to every digit, but only about half of the 
pairs (since there are five items ina list). 
This intuitive notion is confirmed by the 
fact that the best estimate of m for 
ordered pairs is .42. 
Two formal models 


can describe 
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the paired-digits results: a multivalue 
strength model and a continuons-strength 
model. Both must assume a probabil- 
istic, rather than a deterministic, in- 
crementing process. The multivalue 
strength model is very similar to the 
multistate threshold model developed by 
Norman (1964) for psychophy 
tection experiments and will not be 
presented here, The probabilistic incre 
ment, continuous-strength model has not 
been stated previously and. for this 
reason, we now present a bricf summary 
of the properties of such a model. 


ical-de- 


Assume some initial distribution of 
strengths (s) for all new items (or pairs 
of items), fn(s). We make no assump- 
tions of f, except that it be a continuous, 
unimodal probability-density function, 
where s has a lower bound of 0, so that 
fals) = 0,5 <0, and 


r f» sys = 1. 


n 


When an item is presented, its strength 
in memory reccives some increment with 
probability m (and no increment with 
probability 1 — v). Let the stochastic 
operator T reflect the transformation of 
new strengths into incremented (old) 
strengths. The probability. distribution 
of the strengths of old items is then 
simply 


fols) = TTL f.(s)] + (1 — 7) f. (s). 


The probability of a response 


l of i or less 
to an old item is 


pliloo) =7 a TU fn(s) s 


4 OO — a) f frls\ds [1] 


and of a response of i or less to a 
item is 


new 


plilļnn) = [ fnls)ds, [2] 


where c is the decision cutoff for this 
w eS 


criterion. 


Solving Equations 1 and 2 for the 
equation of the MOC curve yields 


pliloo) = (1 — w)pli|nn) 


ES 


. :] FEA yds. [3] 


If the increment in strengths governed 
by the operator T is sufficiently large to 
preclude much overlapping of the new 
distribution with the incremented part of 
the old distribution, then for strengths 
between zero and the region where the 
overlap begins, the value of the integral 
in Equation 3 is unity, so that 


plloo) = (1 — z)p(|un) +. [4] 


Equation 4 describes an MOC curve 
which is a straight line of slope 1 — 7 
that passes through point (1,1). This 
line describes the line 
and allows us to e 
ordered pairs, 

The model can be made more specific 
by assuming that, with probability a, a 
presentation of an item causes its strength 


ar part of our curves 
stimate m as .42 for 


Ca tals) 


15) (=m) tats) 


,min(s-A) 


(o -— 
Eas Aces s 


1.0 
P(i[nn) 


Fic. 5. 
tributions o 
bilistic-incre 
(The shade, 


MOC curve and theoretical dis- 
f trace strength for the proba- 
ment, continuous-strength model. 
Tibulo d area represents the old dis- 

» given by the sum of its two com- 
Ponent distributions. An item, or pair, 
Presentation is assumed to increment the 
po of the trace in memory by a constant 
in nt, A; the Parameters are chosen to 
illustrate the ordered-pair data.) 


SHORT-TERM RECOGNITION MEMORY FOR DIGITS 


in memory to be incremented by a con- 
stant amount of size A. In other words. 


OS (s—.M. 


| fa(s—A). 
G=ay <0. ^ 


Tl fa(s)]= |o 


The model described by Equations 3. 4. 
and 3 is illustrated in Fig. 5A and 5B 
with the parameters chosen to illustrate 
the ordered-pair data. ] 

This model has one important virtue 
over the multivalued strength model: 
It has the proper form for both the 
single- and paired-digit results. If we 
let m equal unity, the model contains two 
overlapping continuous distributions of 
the form required by the single-digit 
results. Further development and speci- 
fication of the functions and operator 
cannot be performed with the limited 
data of this study. 


REFERENCES 


Busn, R. R., GaraxrER, Ew X Luce, R. D. 
Characterization and classification of choice 
experiments. In R. D. Luce, R. R. Bush, 


489 


and E. Galanter (Eds), Handbook of 

mathematical psychol gy, Vol. 1, New York: 
Wiley, 1963. Pp. 102. 

ZGAN, J. P., SCHULMAN, À l., & GREENBERG, 

G. Z. Operating characteristics determined 

by binary decisions and by rating 

Acoust. Soc. Amer., 1959, 31, 768- 

R. D. A threshold theory for simple 
detection experiments. Psychol. Rev., 1903, 
70, 61-79. 

Nacumuas, T; & STEINMAN, R. M. Study of 
absolute visual detection by the rating- 
scale method. J. Opt. Soc. Amer., 1963, 
53, 1205-1213. 

Norman, D, A. Sensory thresholds, response 
biases, and the neural quantum theory. 
J. math l.. 1964, 1, 88-120. 

Pontiac ECKER, L. R. Confidence 


] 


ratings. method reception, and the receiver 
operating characteristic. J. Acoust. Sec. 
-lmer., 1958, 30, 286-292. 

Swets, J. X. Taxner, W. P. Jr., & Bigp- 


sall, T. G. Decision processes in percep- 


tion. Psy hol, Rev.. 1901, 68, 301—340. 

Tuvgsroxe, L. L. A law of comparative 
judgment. sychol. Rev., 1927, 34, 273- 
286. 


(Received July 20, 1964) 


4 j Experimental Psychology 
1965, va. 70, No. 5, 490-495 


ROLE OF REWARD MAGNITUDE AND INCOMPLETE 
REDUCTION OF REWARD MAGNITUDE IN 
THE FRUSTRATION EFFECT 
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Southern Illinois University 


AND H. WAYNE LUDVIGSON 


University of Texas Southwestern Medical School 


30 naive food-deprived (22-hr.) male rats received 72 acquisition and 96 


postshift trials in an L-shaped double-alley apparatus. 
16 Ss (Group 10) received 10 45-mg. ] i 
each trial, while 14 Ss (Group 2) received 2 pellets in G,. 


In acquisition 
pellets in the Ist goal box (G) on 
In every 


block of 6 postshift trials, Group 2 received 2 pellets in G, on 3 trials 
and no reward on 3 trials, while Group 10 received 10 pellets on 3 trials, 


2 pellets on 1 trial, and no reward on 2 trials. 
ceived 2 pellets in the 2nd goal box. 
versely related to absolute (postshif:) G, 


Both groups always re- 
Final postshift speeds were in- 
reward magnitude, but un- 


related to expected (acquisition) reward magnitude, 


A number of studies have shown 
that, after sufficient training in the 
double-alley apparatus, rats run faster 
in the second alley (As) on a certain 
trial if they have not been rewarded 
in the first goal box (G;) than if they 
have been rewarded there. This dif- 
ference in A, response vigor, termed 
the frustration effect (FE), is the 
basic datum underlying the hypothesis 
that, when an organism has acquired 
an "expectancy" of reward (r,), non- 
reward is "frustrative" (Amsel, 1958, 
1962). That is, there results a reac- 
tion of primary frustration (Ry) 
which contributes an increment to the 
drive level, and, in the double-alley 
apparatus, augments response vigor 
in As. he present Study was, in 
part, concerned with the question 
of whether a reduction in reward 
to nonzero magnitude would, like 4 
reduction to zero, also produce frus- 
tration, i.e., facilitate Az performance. 
In addition, this Investigation was 
designed to determine whether the 
amount of response facilitation (frus- 
tration) produced by reward removal 
would depend upon the magnitude 


of C, reward Obtained on reinforced 
trials. 

In connection with the present 
study, it is important to note that, 
by itself, the FE is not conclusive 
evidence that reward removal per se 
is an additional source of drive. The 
FE could as well result from the 
removal, on nonrewarded trials, of a 
response-depression factor associated 
with reinforcement. The critical evi- 
dence for the frustration-drive hy- 
pothesis comes, then, from studies 
(McHose, 1963; Wagner, 1959) which 
demonstrate that nonreward produces 
a more vigorous response in A» when 
there has been a history of rein- 
forcement in G, than when there has 
been no prior reward in G;. These 
Studies support the hypothesis by 
showing that the FE is, at least in 
Part, a relative effect, resulting from 
removal of reward. And they rule 
out the simpler alternative that the 
F E results from a response depression 
Which is an increasing function of 
the absolute amount of reward re- 
Ceived immediately prior to A; per- 
formance. Any study which purports 
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to demonstrate a frustration-drive 
phenomenon resulting from a change 
in reward magnitude must, on a 
given trial, show the effect of the 
change over and above any effects 
of the absolute quantity of reward 
received on that trial. In order to 
demonstrate, for example, that a 
reduction from 10 to 2 pellets results 
in a frustration-drive increment, it 
must be shown that rats trained on 10 
pellets of reward run faster following 
a reduction to 2 pellets than rats 
which have received only 2 pellets 
from the outset of training. 

A recent study which neglected 
to separate the effects of absolute 
magnitude from degree of reward 
reduction was, like the present study, 
concerned with the question of whether 
incomplete reduction of reward, i.e., 
reduction to nonzero magnitude, 
would also augment A» response vigor. 
Bower (1962) reported that Ss trained 
on a relatively large reward in Gi, 
and subsequently given test trials 
with reward reduced by varying 
amounts, show faster As test-trial 
speeds the smaller the reward in Gi. 
Although this finding could reason- 
ably be attributed to a graded frus- 
tration effect resulting from increased 
reduction of reward, the within-S 
design of the experiment does not 
preclude the possibility that some 
or all of the effect results from a 
graded depression of response speed 
produced by absolute reward magni- 
tude. Thus similar test-trial speeds 
might have been obtained regardless 
of the magnitude of the training 
reward and the amount of reward 
reduction. The present study ex- 
plored this possibility. 

The present study also tested the 
implication of frustration theory that 
the magnitude of the frustration-drive 
increment increases with the mag- 
nitude of the expected or training 
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reward. Such an effect would be 
expected since the intensity of Rr 
is assumed to increase with reward 
expectancy, 7,, and r, in turn, is 
assumed to increase with reward 
magnitude. For two groups trained 
on different reward magnitude in G, 
and then given test trials with the 
training magnitude and with no 
reward, a differential drive increment 
would be indicated by a difference in 
As speeds on nonrewarded trials. 
It should be emphasized that the 
difference must appear on nonre- 
warded trials, since it is only on 
these trials that speeds are assumed 
to be elevated by írustration drive. 


METHOD 


Subjects.—The Ss were 30 experimentally 
naive, male, hooded and albino rats ranging 
in age from 90 to 100 days at the beginning 
of the experiment. 

Apparatus—The apparatus was an L- 
shaped double runway comprised of a start 
box (Si), alley (Aj), goal box (Gi or S2), and a 
second alley (As) and goal box (Gs). The 
first goal box served as a start box for the 
second alley. The start and goal boxes 
were 12 in. long and the alleys 24 in. long, 
with a 4-in. height and 3-in. width through- 
out. Sections Sj, Ay, and G, were painted 
flat black, while Sections Az and Gs were 
painted white. All segments of the apparatus 
were covered with clear glass. Wooden 
blocks with indentations for food pellets 
served as goal cups in G, and Gs. 

Sliding start doors separated S; from A, 
and Ss from As, and guillotine doors which 
prevented retracing were located between A, 
and Gi, and between As and Gs. Opening 
the second start door activated a 1/100-sec. 
clock which stopped when S interrupted a 
photocell beam located 6 in. from Ss. For 
half of the Ss, interruption of this photocell 
beam started a second 1/100-sec. clock which 
stopped when S crossed a second photocell 
beam located 18 in. from So. 

Procedure.—Twenty days prior to the first 
training day, Ss were placed on a 23-hr. 
food-deprivation cycle which was main- 
tained throughout the experiment. Purina 
lab chow was available in the home cages 
for a 75-min. period each day. On each of 
the 4 days prior to the first training day, Ss 
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were fed approximately 1 gm. of 15-mg. 
Noyes pellets, identical with the pellet used 
throughout training, before receiving their 
daily ration. Water was alw available 
in both home and carrying cages. : . 
The experiment consisted of a 72-trial 
acquisition period followed by a 96-trial 
postshift phase. During acquisition each of 
16 Ss (Group 10) received 10 pellets in Gi 
and 2 pellets in Gz on each trial, while 14 x 
(Group 2) received 2 pellets in G; and 2 
pellets in Gs. In every block of six postshift 
trials, Group 2 received 2 pellets in G, 
on three trials (R trials) and no rar 
rials (0 trials), accore ing to the fol- 
verdi repeating cycle: ROROROORORO- 
RROROORORORRO. In each postshift 
block of six trials, Group 10 received 10 
pellets in G, on three trials (R trials), 2 pellets 
on one trial, and no reward on two trials, 
according to the following repeating cycle: 
ROR2ROOROR2RR2ROOROR2RROROR . 
OR22ROROR. Both groups continued 
to receive 2 pellets in Gz on each trial. The 
Ss received six trials per day, with the excep- 
tion of the first 2 days of training, on which 
three trials were given. Within any day 
the intertrial interval was approximately 
10 min. The experiment was conducted in 
two replications with 8 and 7 Ss randomly 
assigned to Groups 10 and 2, respectively, 
in each replication, 

A trial began with the introduction of .S 
to Sı. The first start door was opened after 
5 had maintained an orientation toward it 
for 3 sec. When S entered G,, the retrace 
door separating A, and G; was closed. The 
second start door was opened after $ had 
eaten and Maintained an orientation toward 
it for 3 sec, On nonrewarded trials, the 
second door was opened after a 3.sec. orienta- 
tion p riod. Wh-n § entered Go, the retrace 
door sep: rating As and Gz was closed and 5 
was removed immediately after eating. All Ss 
were fed after the last experimental 
for the last S of the day. 

Second-alley Performance was recorded in 
terms of reciprocal traversal times over 
the first 6 in. of A, (starting speeds) in both 
replications. In the second replication, 
reciprocal traversal times over the next 12 in. 
of Az (running speeds) were also recorded, 

In analyzing the Starting-speed data, 
replications and all interactions with replica- 
ions were evaluated as separate Sources of 
ines e. However, these effects proved 
Misi wm negligible and they were pooled 
generais ropriate error terms. Since none 
tnit Ehe BE 2 s from statistical tests was 

of the conclusions 


trial 


thereby altered, only the latter analvses will 
be discussed. 


RESULTS 


Figure 1 presents group mean Alley 
2 starting speeds as a function of trial 
blocks. The vertical line at Trial 
Block 12 indicates the point at which 
the reinforcement schedule in G; 
was changed. Each preshift block is 
composed of 6 trials. The postshift 
data were Separated into blocks of 
12 trials; Within cach postshift 
block for Group 10, mean speeds for 
the 6 trials on which Ss received. 10 
pellets (10-10), the 2 trials on which 
they received 2 pellets (10-2), and 
the 4 trials on which they received no 
reward (10-0) in Gi, are plotted 
separately, Similarly, the mean speeds 
for the 6 trials on which Group 2 
received 2 pellets in. Gi (2-2) are 
plotted Separately from those for the 
6 trials on which they received no 
reward in G, (2-0). 

Simple analysis of variance per- 
formed over Frial Blocks 10-12 
showed the apparent superiority of 
Group 2 in acquisition to be sta- 
tistically reliable, [^ (1, 28) =7.99, 
P<.01, 

Inspection of Fig. 1 indicates that, 
for Group 10, postshift speeds in- 
creased as the amount of reward 
obtained in G, decreased. Analysis 
of variance on the Group 10 data 
at Blocks 13 and 20 indicated sta- 
tistical significance for the two main 
effects, amount of reward, F (2, 30) 
= 05.39, 5 < .001, and trial blocks, F 
(1, 15) = 23.55, p. — .001, as well as 
their interaction, F (2, 30) 24.77, p 
«.025, 

Comparison of the 10-10 and 10-0, 
and the 2-2 and 2.0 trend lines, 
Suggests that the A2 speeds of both 
BTOUDS were faster on nonrewarded 
trials than on rewarded trials, with 
being more pronounced 
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in the Group 10 data. A three- 
dimensional analysis of variance ap- 
propriate for a design with one be- 
tween-group and two within-group 
variables (reward or nonreward and 
trial blocks) was performed over 
Blocks 13 and 20. The analysis 
yielded a significant main effect of 
the reward-nonreward 
(1, 28) 134.63, p< .001. The 
Reward-Nonreward X Groups inter- 
action was also significant, F (1, 28) 
= 32.65, p «.001, indicating a greater 
reward-nonreward speed differential 
for Group 10. Subsequent analysis 
within this design of the data for 
both groups on nonrewarded trials, 
ie. 10-0 and 2-0 data, yielded a 
significant overall trials effect, F (1, 
28) =22.95, p«.001. The TrialsX 
Groups interaction was not signifi- 
cant, failing to support the graphical 
impression of convergence of the two 
trend lines. 

A comparison of the 10-2 and 2-2 
trends indicates an apparent con- 
vergence in the postshift period. 
However, the GroupsXTrials inter- 
action over Blocks 13 and 20 was not 


variable, F 


The overall trials effect 
28) = 30.54, 


significant. 
was significant, F (1, 
p < 001, 

Finally, comparisons of Group 10-0 
with 2-0, and 10-2 with 2-2, at Block 
20 vielded F ratios less than unity, 
supporting the graphical impression 
that the asymptotic speed resulting 
from a given G, reward was inde- 
pendent of the relationship of that 
reward to the expected reward. 

Although the running-speed data, 
obtained in one replication only, 
proved less statistically reliable, they 
were in close agreement with the 
starting-speed data in both the ac- 
quisition and postshift periods, with 
one exception. In the running-speed 
data, the final performance level of 
Group 10 on nonrewarded trials 
approximated that of the 10-2 and 2-2 
conditions. 


Discussion 


The postshift data for Group 10, 
consonant with those of Bower (1962), 
clearly show that As test-trial speed 
increases as G, reward decreases. How- 
ever, the present data do not support 
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the view that this effect is a graded 
frustration-drive phenomenon attributa- 
ble to increased reduction in reward 
from an expected (preshift) level to 
obtained postshift levels. This is ap- 
parent from inspection of the 10-2 and 
2-2 data over the latter trials of the post- 
shift phase. Here Ss trained in the pre- 
shift period to expect a large reward 
perform no differently from Ss trained 
to expect a small reward in spite of the 
substantial reduction experienced by the 
former. This indicates that these A. 
speeds are simply a function of absolute 
reward magnitude in Gi, and that no 
frustration-drive increment from in- 
complete reward reduction need be 
invoked. 

Looking next at the influence of ex- 
pected reward magnitude on the standard 
FE measure, it may be seen that the dif- 
ference between speeds on rewarded 
and nonrewarded trials is clearly greater 
for Group 10, i.e., the difference between 
the 10-0 and 10-10 curves is greater than 
that between the 2-0 and 2.2 curves. 
Of primary interest, however, is the 
fact that in the latter stages of the 
postshift period the difference in FE 
magnitude results from differential 
speed on rewarded trials, rather than 
nonrewarded trials. This indicates that 
the critical variable determining the 
size of the FE is, again, absolute reward 
magnitude and not amount of reward 
reduction. Therefore, frustration drive 
is irrelevant to the explanation of these 
data also. 

It is important to note that these 
findings, though not explained by Amsel's 
(1962) formulation, do not vitiate the 
basic assumption of frustration theory, 
viz., that complete removal of an ex- 
pected reward produces an increment to 
the drive level. The 10-0 and 2.0 speeds 
of the present study may be elevated 
by this increment, and, in fact, previous 
studies (McHose, 1963; Wagner, 1959) 
have shown the necessity of assuming 
such an elevation. What the present 
findings do indicate is that this drive 
increment does not occur with a sub- 
stantial, but incomplete, reduction in 
reward, nor does it vary with reward 
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magnitude as defined by number oí 
pellets. 

Since magnitude of reward is postu- 
lated (Amsel, 1962; Spence, 1956) to be 
a principal determinant of the strength 
of reward expectancy, ro, these data 
imply that Rp and r, do not covary in 
the manner heretofore believed. A 
theoretical difficulty posed by this con- 
clusion stems from studies suggesting 
that other variables also assumed to 
determine r; do influence the magnitude 
of Rp (Amsel, Ernhart, & Galbrecht, 
1961; Amsel & Hancock, 1957). How- 
ever, before it is concluded that these 
several variables do not all determine 
the same theoretical construct, rg, the 
precise nature of the findings of these 
previous studies might be questioned. 
For the most part, these studies em- 
ployed the standard FE as their measure 
of response clevation, and the difference 
between FEs as indicative of the effect 
of an expectancy-influencing variable, 
But, as in the present study, the differ- 
ence between groups on nonrewarded 
trials is the critical comparison for a 
frustration-drive interpretation since 
speeds on rewarded trials may not be 
independent of the experimental manipu- 
lations. More importantly, if the ex- 
pectancy-influencing variable is sus- 
pected of having an additional effect 
which would make speeds on non- 
rewarded trials differ because of some 
factor other than frustration, then the 
magnitude of the frustration-drive in- 
crement must be assessed by comparing 
speeds on nonrewarded trials. against 
speeds for Ss under identical conditions 
except for having had no prior reward 
in Gi. It should be noted that other 
studies have also failed to provide these 
critical comparisons (e.g., MacKinnon 
& Amsel, 1964; McHose & Ludvigson, 
1964) and may therefore suffer an am- 
biguity in interpretation. In this con- 
nection, the present study points up the 
danger in applying the label ‘frustra- 
tion effect" to the difference in A» speed 
on rewarded and nonrewarded trials 
Íor a single group of Ss. Since it must 
be empirically demonstrated through 
the use of appropriate control groups 
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that the FE does indeed index a frustra- 
tion-drive increment, it would seem 
Wise to reserve the term FE for the 
speed differential obtaining between Ss 
experiencing reward reduction and their 
control Ss. 

While portions of the present data 
are either inconsistent with or un- 
explained by Amsel's drive-increment 
hypothesis, alternative formulations are 
also less than satisfactory. Bower's 
(1962) r,-perseveration hypothesis, which 
proposes to account for the FE by 
assuming that the rate of decay of condi- 
tioned excitement from A, is directly 
related to the magnitude of the G, 
reward, fails because it also predicts 
that A» speeds are a function of ex- 
pected as wcll as obtained reward. 
Since Bower's hypothesis is an extension 
of Spence's (1956) theory of incentive 
motivation, it implies that Group 10 
should have a larger r, amplitude con- 
ditioned to A, cues than should Group 2 
because a larger G, reward was employed 
in acquisition training. Therefore, on 
test trials with zero G, reward, the 
strength of the perseverating r,, and 
consequently A» speed, should be greater 
for Group 10. Since a similar argument 
holds for the two-pellet test trials, this 
hypothesis is directly contradicted by 
the present data. 

The drive-reduction hypothesis (Se- 
ward, Pereboom, Butler, & Jones, 1957), 
that larger Gi reward magnitudes pro- 
duce greater hunger reduction and con- 
sequently slower speeds in As; most 
readily fits the present incomplete re- 
ward-reduction data. However, the 
scope of the drive-reduction hypothesis 
would be quite limited since it cannot 
account for the previously demonstrated 
effects of complete reward reduction 
(McHose, 1963; Wagner, 1959), effects 
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which presumably elevate the 10-0 and 
2-0 speeds of the present study. 
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Wisconsin 


s the effect of informational trans- 


fficulty, as indicated by the amount 
upon material in short-term storage 
»eriment. | shows that with number 


and similarity of interpolated items held constant, the greater the 
difficulty of a tr: insform the more forgetting will result from it. Ex- 
ents II and IHI show that these effects cannot be attributed 


perir 


entirely to increases in the time an item rem. ins in store. 


Rather, time 


in store and difficulty of transform both contribute to determining the 


amount of forgetting. EExperime 


in store is a decreasing function © 


but that the transformed mater 
‘These results point to an operatio 
requiring 


Many sequential tasks involve both 
the storage of information and con- 
tinuous transformations of it through 
classifications or combinations. Thus, 
reading a book or listening to a 
lecture combines a storage function 
with operations upon the input in- 
formation. In the analysis of such 
tasks two lines of psychological re- 
search converge. The first involves 
the role of immediate memory in 
sequential tasks (Posner, 1963) and 
the second involves the measurement 
of difficulty of operations upon input 
information (Posner, 1964b). 
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nt IV shows that the loss of material 
f its distance prior to the transform, 
itself shows no decline in retention. 
nal definition of rehearsal as a process 


part of the limited central capacity of S. 


lluman performance in a sequential 
task resembles a standard computing 
system in that information is tem- 
porarily stored during the perform- 
ance of transforming operations 
(Simon & kKotovsky, 1963). How- 
ever, in comparison of human infor- 
mation processing with that of com- 
puters a key difference is in the effect 
of computing operations upon ma- 
terial in store at the time of the 
operation. A standard computing 
system is designed to preserve in- 
formation which may be needed in 
future operations so as to avoid the 
arbitrary loss of material due to the 
transformations occurring in the units 


which operate upon information. 
The human being is surely more 
susceptible to loss of information, 


but the laws governing such loss are 
not fully understood. The study of 
the interaction of immediate memory 
and transformations is, therefore, im- 
portant in any attempt to specify pre- 
cisely the information-processing char- 
acteristics of the human. 

From the point of view of memory 
two factors about any event which 
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intervenes between a stimulus and 
its recall are known to be crucial. 
First, is the similarity of the inter- 
polated event to material in store 
(MeGeoch & Irion, 1951). Second, 
is the length of time which the inter- 
polated event interrupts rehearsal 
of stored information (Brown, 1958). 
In addition some investigators (Tills- 
bury & Sylvester, 1940) have held 
that the difficulty of the interpolated 
activity effects retention independ- 
ently of the other factors. Recently 
Melton (1963) has suggested that a 
more extensive analysis of tasks inter- 
vening between presentation and re- 
call needs to be made in order to 


determine the relative importance 
of these various factors. 
Posner (1962, 1964b) has pre- 


sented a method for the a priori 
prediction of the dithiculty of in- 
formational transformations in terms 
of the difference between stimulus 
and response information (informa- 
tion reduced). Many tasks which 
require transformation of input in- 
volve information reduction. The 
tasks falling within this general cate- 
gory may differ rather widely. How- 
ever, within relatively restricted task 
configurations the amount of informa- 
tion reduced appears to be a quanti- 
tative predictor of task difficulty. 
Specifically for a set of simple nu- 
merical tasks with the same stimulus 
input it was found that errors in- 
creased and rate of processing de- 
creased as the amount of information 
reduction required by the task in- 
creased. Six different tasks were 
used including recording, addition, 
and classification. For this set of 
tasks the amount of information 
reduction is directly related to task 
difficulty, The question of the gen- 
erality of this relation between in- 
formation reduction and difficulty 
for tasks other than those which have 
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been studied specifically will be dis- 
cussed in the conclusion section of 
this paper. 

This series of studies is designed 
to investigate the interrelation of 
short-term memory and information 
transformations. The goal is three- 
fold. First, to determine the effect 
of increasing the difficulty of a trans- 
form upon material in store at the 
time of the transform. Second, 
to determine if such effects can be 
completely attributed to similarity 
of interpolated material and or length 
of time between presentation and 
recall. Finally, to determine the 
location of any increase in forgetting 
resulting from the transform. 


EXPERIMENT I 


The purpose of this study was to 
investigate the effect of number and 
size of informational transforms upon 
the amount recalled. In addition, 
it provided the opportunity to con- 
firm the previous result that the 
difficulty of a transform can be pre- 
dicted from a knowledge of its 
informational properties. 


Method 


Subjects —The Ss were 53 students in in- 
troductory psychology who received course 
points for their work. The data of 5 Ss 
were not considered; 3 failed to follow the 
required instructions as to the digits to 
transform, 1 was given an improper sequence, 
and 1 was not completed due to equipment 
difficultics, 

Material.—Five practice and 40 regular 
series of 8 digits were recorded at a rate of 
30 digits/min. Each digit was selected at 
random with the restriction that no two 
successive digits be identical. There was 
a 20-sec. pause between series. The digits 
were recorded over white noise which served 
to mask any disturbance from outside the 
experiment. 

Tasks.—The four types of informational 
transforms interpolated were: (a) Reversal: 
In this task S was required to write down a 
pair of digits in the opposite order from their 
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presentation. This transformation had the 
same input and output information and was 
thus 0 bits reducing. (b) Addition: In this 
task .S was required to add two adjacent 
digits together and recerd the sum. Input 
information for the pair was about 6.6 bits, 
while the sum contains only 3.8 bits. The 
task therefore requires 2.8 bits reduction. 
(c) 2-Bit classification: In this task SS was 
required to classify each pair of numbers 
into high (50 and above) and low (below 50) 
and into odd or even. The input information 
is the same as in previous tasks while the 
output is 2 bits, yielding a 4.6-bit reduction. 
(d) 1-Bit classification: In this task S records 
“A” if the pair of numbers is high and odd 
or low and even, and “B" for the reverse. 
Input is again 6.6 bits and output 1 bit, 
vielding a 5.6-bit reduction. 
` Procedure.— The Ss were randomly as- 
signed to one of four groups, with 12 Ss in a 
group. Each group performed only a single 
task. The Ss received instructions on how 
to handle the pairs which they were asked to 
transform. They were provided with a score 
sheet which was folded in two. On the left 
side were eight boxes, each of which con- 
tained the letters H, L, O, E in the upper 
portion and the letters A and B in the lower 
portion. The Ss in the reversal group and 
the addition group wrote their transforma- 
tion in the square corresponding to the second 
digit of the pair(s), which they were in- 
structed to transform, Ss in the 2- and 1-bit 
classification groups used the same square 
but drew a line through the letters repre- 
senting the appropriate category. After 
each series of eight numbers was over Ss 
turned over the sheet immediately and 
began to recall the numbers they had received, 
writing them in the eight boxes provided. 
The Ss were instructed to record only in the 
order of Presentation, always starting with 
the earliest digit they could recall. 

All Ss began with five practice problems. 
The first two practice series required no 
transform, then transformation of the last 
pair, the last two pairs, and the final series 
required transforms of the last three pairs. 
Following this Ss received the 40 regular 
series. Before each set of 10, Ss were told 
whether to classify no pair, last pair, last two 
pairs, or last three pairs. The order of these 
tasks was balanced by three random Latin 
squares within each group. 


Results 


Difficulty of the transforms.—Since 
the rate of presentation of the 
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materials in this situation was slow 
there were almost no omitted trans- 
forms. Each task involves a different 
chance probability so that the per- 
centage of correct transformations 
above the chance level was calculated 
for each task. The percentages were 
99, 94.8, 80.6, and 70.3 for the re- 
versal, addition, 2-bit, and 1-bit tasks. 
If the percentage correct is plotted 
against the information reduction 
the result is a strong linear trend. 
While direct comparison of tasks 
with very different chance levels is 
risky, this result corresponds quite 
well to the relation previously found 
between performance and informa- 
tion reduction when similar tasks 
were speeded and the performance 
decrement for each task measured as 
rate increased (Posner, 1962). Thus 
it appears that the a priori informa- 
tion-reduction measure is related to 
task difficulty. 

Amount retained.—TYo determine 
the effect of the transforms upon 
recall, the number of errors in the 
first two digits of each series was 
determined for each S. This measure 
was selected since the first pair is 
never itself transformed or recorded 
and is always recalled first by S. 
Thus the only difference between 
treatments with respect to the first 
pair of digits is the nature of the 
intervening transformations, Table 1 
shows the total errors on the first pair 
of digits for all conditions and all num- 
bers of transforms. 

A trend analysis was performed on 
these data to determine the form of 
the function which would best de- 
scribe the relationship between errors 
and number of transforms for each 
task. The analysis indicates that 
errors vary linearly with number of 
transforms for each task (p < .01). 
In addition a significant Linear Task 
X "Transform interaction. (p « .01) 
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TABLE ! 


TOTAL ERRORS IN THE First PAIR 
oF DIGITS 


Task Be ox RUM 
| 0 1 2 3 Total 
Reversal 22 36 | 3 50 129 
Addition | 44 | 62| 56| 104 | 206 
2/Bit 29 | 50 71 | H4 | 264 
1/Bit 28 02 94 108 292 
Total 123 200 252 376 
Note.— Each cell represents 120 possible errors. 
indicates that the slopes of these 


functions are different for the various 
tasks. 

The significant Task X Transform 
interaction means that the etiect 
on retention of increasing the number 
of transforms is dilferent depending 
upon the task. ltis possible to obtain 
an estimate of the amount of forget- 
ting caused by a transform of various 
sizes. To do this the number of 
errors per transform is averaged for 
the 1, 2, and 3 transform conditions 
after subtracting out the number of 
errors made by that group with zero 
transforms. This is done for each 
of the tasks. The average increases 
in errors per transform for the 0-, 2.8-, 
4.6-, and 5.6-bit reduction tasks are 
5.9, 14.7, 23.4, and 31.2, respectively. 
Comparing the slopes of best-fitting 
lines relating number of transforms 
and errors gives substantially the 
same results except that the 4.6- 
and 5.6-bit reduction tasks are about 
equal. This is because there is a 
relatively small difference between 
two and three transforms in the 5.6- 
bit task and this has a large effect 
on the overall slope. 

The general result is clear. Both 
the number of transforms and their 
size have significant effects upon the 
amount of material lost from store. 

he amount of forgetting increases 


p c ——————— 
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linearly with the number of trans- 
forms, the average increase being 15.7 
errors per transform. The amount 
of forgetting also increases roughly 
linearly with the size of the transform 
(at least up to 4.6 bits reduction) so 
that on the average the additional 
errors caused bv adding a single trans- 
form run from 4.9 with the 0-bit re- 
duction task to 25.9 with the 5.6-bit 
reduction task. 

Effect of similarity.—1n each of 
these tasks the interpolated digits 
are identical so that there are no 
differences in the interpolated stimuli. 
The products of the transform are, 
however, different. In two cases 
they are numbers and in two cases 
letters representing categories. The 
reversal and addition tasks have 
transformed products of greater over- 
all similarity to the stored material 
than the classification tasks. It is 
clear that the greater forgetting found 
in the classification tasks cannot, 
therefore, be due to increased simi- 
larity. In fact these results are in 
accord with many findings in the 
area of immediate memory that 
similarity of interpolated material 
is not an important factor in the 
amount of forgetting (Posner, 1963). 

Errors in all pairs.— The total 
errors in recall of the series is a some- 
what confounded measure. lf, for 
example, S remembers the product of 
the reversal transform he can, by 
making another reversal, produce the 
correct recall. The size of the trans- 
form is inversely related to the utility 
of its product in recalling untrans- 
formed information. Despite these 
difficulties the results of an analysis 
of errors in all positions are not unlike 
that presented for the first position. 
A linear relation between errors and 
number of transforms is found for 
each task. The increase in Errors/ 
Transform is 20.1, 49.7, 76.2, and 90.7 
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for the 0-, 2.8-, 4.6-, and 5.6-bit tasks, 
The relation is linear, much like that 
found for the first pair. 


EXPERIMENT II 


The results of Exp. | indicate that 
transforms do interfere with retention 
and that such interference is more 
closely related to the size and number 
of transforms than to the similarity 
of the transformed product. How- 
ever, Posner (1962) has shown that 
the size of a transform is related 
to the length of time required to per- 
form it, so that it is possible that 
these effects are due to the length 
of time required for the transform. 
It is also possible that the elects of 
interpolated tasks would be uncqual 
even for a fixed period of time. That 
is, whatever process sustains the 
memory may be able to COexist to 
different degrees with differing tasks, 
This study is designed to investigate 
this possibility by keeping the total 
interpolated time constant but vary- 
ing the size of the transforms per- 
formed in that time. 


Method 


Subjects.—The 28 Ss were obtained from 
the same source as in the previous study, 
Three Ss were eliminated for failure to follow 
instructions in the pairs transformed. 

Material.—The material consisted of 50 
series of 5 digits recorded over white noise 
and presented at a rate of about 2/sec, 
After the burst of 5 digits there was 10 sec, 
of white noise alone and then the word 
"recall," followed by 20 sec, of white noise 
alone. Fach .$ was provided with a set of 
score sheets which contained digits to be used 
in the interpolated task. 

Tasks.—Two of the interpolated tasks were 
exactly the same as in Exp. I. These were 
addition and 2-bit classification, Three new 
tasks were added: (a) Control: No inter- 

polated task. (h) Rece rding: The 5 copied 
the number without change. This task is 0 
bits reducing. (c) Counting backward: The § 
counted backwards by threes from the last iwo 
numbers of the tape, recording each successive 
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result. The difficulty of this task had not 
been studied previously but it has been used 
frequently in memory studies (Peterson & 
Peterson, 1959), It seemed useful, therefore, 
der it in relation to the other tasks. 
toto infer the relative difficulty 
from the rate and accuracy 
of the tra rms actually made by Ss; how- 
ever, the information reduction required by 
this task was first estimated in the following 
way. Counting by one may be considered 
to present all the information in a sequence 
of numbers. If numbers arc skipped then 
this requires selection of a part of the in- 
formation in the series. Since S is dealing 
with a rapidly de reasing population of 
numbers from 0 to 99 we consider that the 
average population of numbers dealt with 
over the task is 50. Thus counting by one 
generates logs 50 = 5.64 bits and selection 
of one third of this yields 1.88 bits, a redue- 
tion of 3.8 bits. 

Procedure. 


Each .$ performed five prac- 
tice series, one using each of the tasks, He 
then performed 50 regular series, 10 of each 
task, determined by a random Latin square 
which was replicated five times. For each 
t sk S listened to the five numbers, using the 
last two to begin his interpolated task. 
After processing the pair on the tape, .$ 
was instructed to shift to the score sheet 
and process as many pairs as he could until 
the word "recall" sounded, Subjects then 
recalled the first three digits in the order pre- 
sented and prepared for the next series, 


Results 


The percentage of series in which 
there was an error was computed for 
each interpolated task and averaged 
over the 25 Ss, These were 4, 12.4, 
21.6, 34, and 44.8 for the control, 
record, addition, backward, and clas- 
sification tasks, respectively. Figure 
1 shows the percentage of series in 
error (solid line) and the percentage 
of individual items in error (dotted 
line) plotted against the amount of 
information reduction required by 
each of the tasks except the control. 
Both Scores show a regular increase 
With amount of information reduced. 
Analysis of the individual and com- 
bined Latin squares Showed highly 
Significant (b « .01) effects of treat- 
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Fic. 1. Percentage of recall as a function of 


size of interpolated transforms. 


ments and Ss. The effect of order 
was significant (p < .05) due to a 
small drop in errors over successive 
tasks which was most apparent in the 
final 10 series. Since Ss handled only 
10 series of each type, learning effects 
were, as expected, rather modest. 
There were differences between Latin 
squares (p < .05) but these did not 
interact. with conditions so that it 
seems reasonable to consider the 
grouped data. In fact each individual 
Latin square revealed the identical 
significant effect of treatments. 

Two of the tasks involved no 
information reduction. In the record 
task, however, S read and wrote an 
average of 11 digit pairs during 
the 10-sec. pause, while in the control 
condition only the two digits on the 
tape intervened. The effect of having 
such a large number of interpolated 
items is to cause a relatively small 
increase in forgetting. The differ- 
ences here are nowhere near as great 
as between the record and classifica- 
tion conditions although in classifica- 
tion only about half as many digits 
are interpolated as in record. These 
findings demonstrate that the effects 
of task difficulty as measured by 
àmount of information reduction are 
at least as potent as those of number 


of interpolated items and length of 
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time, the traditional variables con- 
sidered in memory work, 

Trans orm difficulty.—That Ss ac- 
tually found the interpolated task 
of varving degrees of difficulty is 
shown by the number of pairs of 
digits actually handled during 
interpolated task. This value is d 
5.5, 11.8, and 11.3 for the classifica- 
tion, backward, addition, and record 
tas While there was very little 
difference between the classification 
and backward tasks and between the 
add and record tasks in number of 
transformations performed, the per- 
centages of errors were 1.8, 1.3, 61, 
and .18 for the four tasks. Thus 
regardless of whether the task is self- 
paced, as in this study, or E-paced as 
in the previous study, the number of 
errors per operation increased uni- 
formly with the amount of informa- 
tion reduced. lt is particularly inter- 
esting that the backward task lies 
about halfway between classification 
and addition just as the a priori 
informational analysis and the analy- 
sis of errors would suggest. 


recall 


EXPERIMENT III 


In this experiment the effect of 
varying time in store for four levels of 
the interpolated task difficulty is 
examined. 


Method 


Suhjects.—The 23 Ss were obtained from 
the same source as in Exp. I. Three Ss failed 
to follow instructions and are not included. 

Material.— The materials 
with those used in Exp. lle 
were now 80 series divided into four sets of 
20 cach. Within each set there were supposed 
to be 5 series cach, with 5-, 10-, 20-, and 30- 
sec. delay between presentation and recall. 
Due to an error, the third set contained one 
extra series at 30 sec. and one less at 20 and 
the fourth set contained one extra at 10 and 
one less at 20. The order of the various delays 
was randomized within each set. In addition 


were identical 
Xcept that there 
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there were four practice series, all with 10-«« 


ch S performed the four 
d each of the 80 regular 
used four interpolated tasks, 
record, addition, backward counting, and 
classification (see Exp. II), one for cach set 
of 20 series. The order of performing the 
tasks was controlled by a 4 X 4 Latin square. 
Each four Ss comprised a replication of the 
study so that in all five random Latin squares 
were used. The design insures that each task 
was performed an equal number of times 
with each of the number sets; however, a 
particular series was associated with only 
one delay interval. 


Results 

The number of correct items re- 
called in each three-item series y 
scored. There were 16 experimental 
conditions in all (Four Tasks X Four 
Delays). Because of the error in the 
number of series at each delay interval 
the total items over all 20 Ss which 
were presented in the four delay con- 
ditions were not identical. For each 
interpolated task at 10 and 30 sec. 
there were 315 possible items, 300 at 
5 sec., and only 270 at 20 sec. These 
values serve as the denominators for 
calculating the percentage of correct 
items in each condition. Figure 2 
shows the percentage of correct items 
as a function of time in store for each 
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Fic. 2. Percentage of recall as a function 


of 
time for various size transforms, 
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of the interpolated tasks. Reading 
the four curves from bottom to top 
they represent the record, add, back- 
ward counting, and classification 
tasks, respectively. Looking first at 
the 10-sec. delay condition the points 
represent a replication of Exp, Il. 
As can be seen the essential features 
of the curve for items shown in Exp. 
Il are duplicated in this study, 

The average percentages of errors 
at the four delays were: 7:2 18.3, 19.4. 
and 22 for the 5-, 10-, 20-, and 30.sec. 
conditions. The control condition 
for Exp. II showed that no errors 
were to be expected with these 
materials at 0 delay. The magnitude 
of the effects due to task difficulty 
is about the same as for the particular 
intervals of delay used since the 
average percentages of errors are 5.92, 
13.8, 19.2, and 22.5 for the record, 
add, backward counting, and classifi- 
cation tasks, respectively. 


EXPERIMENT IV 


In the previous experiments at- 
tention has been focused on the 
effect of the size of a transform upon 
forgetting. In considering sequential 
tasks another important aspect of a 
transform is its location within the 
series. [n this experiment the essen- 
tial technique of Exp. I is used but 
with the size of the transform held 
constant and its location within 
the series varied. 


Method 


Subjects.—The 13 new Ss were obtained 
from the same source as in Exp. I. One S 
failed to follow the instructions and his data 
were not considered. 

Procedure.—A]| Ss performed the 2-bit 
classification task. The materials and ap- 
paratus were the same as in Exp. I. Each 5 
Was given five practice series, one each with 
no transforms, last pair, third pair, second 
Pair, and first pair. He then received 40 
regular series, 10 classifying each of the four 
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pairs of the series. The order of presentation 
was controlled by three random Latin squares. 
Otherwise the procedure was exactly as in 
Exp: L 


Results 

The results of this experiment ap- 
pear in Table 2. The total number 
of errors which occurred with classifi- 


cation of the first through fourth 
pair were 155, 250, 224, and 253. 
Table 2 shows the percentage of 


errors for each pair of the series. 
To see the effect of transforms on 
material in store a standard serial- 
position curve obtained from 10 dif- 
ferent Ss over the same material is 
included (Posner, 1964a). When the 
first. pair is classified, the serial-posi- 
tion curve appears verv similar to 
the no-classification condition. When, 
however, the second pair is classified 
the percentage of errors in the first 
pair is more than doubled. This 
effect is displayed graphically in Fig. 
3. Over all conditions the percentage 
of errors which occurred at each pair 
is averaged according to the distance 


from the transform. The dotted 
line represents the normal serial- 
position curve for no transforms. 


The line marked —1, eg., includes 
the percentage of errors in the first 
pair when the second pair was trans- 
formed and the percentage of errors 
in the second pair when the third 
pair was transformed, etc. The line 


TABLE 2 


PERCENTAGE OF TOTAL ERRORS BY 
SERIAL POSITION 


Serial Position 
Transform 
Position i n à , 
28.2 | 35.7 | 19.6 
SM H 25.8 | 41.3 | 21.9 
2 26.4 | 24.0 | 32.0 | 17.6 
3 19.2 | 34.4 | 25.4 | 21.0 
4 174 | 30.8 | 43.9 7.9 


(BY CONDITION) 
D» 
NE) 
—9 
ot 


% TOTAL ERRORS 


—— — CTS: 
i9) [ 2 3 4 
SERIAL POSITION 


hic. 3. Effect of a transform upon retention of 
material at various positions in the series, 


marked T includes the errors at the 
transformed position itself. Points at 
+1, —2, and —3 represent one posi- 
tion after the transform, two before, 
and three before the transform. 


The location of the transform 
within the series affects what is 
forgotten. In general, the material 


immediately prior to the transform is 
most affected and this decreases with 
distance. Forgetting of the trans- 
formed material itself is not increased 
nor does the material after the trans- 
form show a decrease in recall. If the 
transform starts the series much less 
effect is found than if it occurs at any 
of the other positions. 


DISCUSSION AND ( “ONCLUSIONS 


The results of this study are con- 
sistent with a functional model of human 
information characteristics 
been evolved over the last several years 
(Broadbent, 1958). The results confirm 
many studies which show that retention 
in short-term memory is an active 
process which is extremely liable to 
disruption (Posner, 1963). If the human 
1$ considered as an information-processing 
system with limited capacity (Broad. 
bent, 1958) these studies indicate that 
whatever process sustains the memory 
trace during the first few seconds after 


which has 
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the stimulus requires a portion of that 
This process has often been 

However, the tendency 
rehearsal as a cov 


capacity. 


called rehearsal. 
the term 
analogue of speech has led 
that it is cither entirely present or ab- 
Thus an interpolated task is said 
rehearsal" if it demands 


to use 


to the 


sent. 
to "prevent 
the attention of S. 

There are a number of advantages 
the notion of rehearsal as an 
all-or-none with a of S 
as having a limited capacity for informa- 
tion processing, The rehearsal process 
requires a part of this capacity and can 
coexist to a uter degree with tasks 
which require a small amount of this 
capacity than with those requiring a 
larger amount. Thus, Exp. I, II, and 
II show a close quantitative relation 
between the size of the transform and 
the amount of forgetting caused by it. 
They demonstrate that the amount of 
retention. for a given period in store 
can vary greatly depending upon the 
processing capacity available to the 
rehearsal process, This view is closely 
related to the older idea of perseverative 
consolidation and to other 
autonomous enhancement (Melton, 
1963), but is somewhat more limited 
since only processes which can be shown 
to require part of S's central capacity 
can be said to involve rehearsal. This 
definition allows operational control of 
rehearsal by manipulation of the avail- 
able Processing capacity. Moreover 
this view makes it possible to reduce 
reliance. on retrospective reports as to 
what S does during a filled interval prior 
to recall. 

The results of Ex 
the locus of forge 


repli 


process view 


views of 


P. IV indicate that 
tting is not in the 


transformed material, but rather that 
the transformed materia] is uniformly 
better recalled than Would be predicted 


scrial position, 


from its R The act of 
material for 


selecting transformation 
presumably serves to focus attention on 
it and to isolate it (Burnstein, 1962), 
Forgetting occurs in material which has 
been presented just prior to the 
decreases with 


trans- 


form and the distance 
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between transform and stored informa- 
tion 


Since it has been shown that informa- 
tion. reduction task difficulty, as 
measured by Ss responses, are closely 
related for the particular transforms 
used in this study the results discussed 
so far stand independently of this 
particular a priori measure. That is, 
a response defined measure of difficulty 
of transform could be substituted. for 
information reduction Without changing 


and 


any of the conclusions. On the other 
hand, there are a large number of tasks 
beside those 4 mploved here whieh can 


be said to involve information reduction. 
If it proves possible to specify the difi- 
culty of such transforms in terms of the 
amount of information reduced the ques- 
tion of the relation memory 
and information processing might be 
handled in a more general wav. 

One must be careful, however, in 
seeking to generalize the relation between 
information reduction and task difficulty 
beyond those tasks which have been 
specifically studied. Clearly, one can 
devise tasks the 


between 


with same amount 
of information reduction which differ 
widely in difficulty. The degree of 


familiarity of the operations. involved 
in the transformations will 
important factor, Nevertheless, Pierce 
and Karlin (1957) have shown that it 
required more time to classify names into 
male and female than to call them out 
despite the great familiaritv of both 
tasks. It takes longer to classify a 
two-digit number into odd and even 
than to name it (Posner, 1962), even 
though the classification task requires 
Processing of only the final digit. It 
seems doubtful that combining numbers 
such as in addition ever becomes as fast 
as naming them regardless of the extent 
of training. It is not likely, therefore. 
that difficulty is only a matter of practice. 
It cannot be argued that the component 
operations of the subset of tasks used 
in this study are equal in familiarity 
although they were specifically chosen 
to involve highly 
Modest amounts 


be a most 


familiar components. 
of training (Posner; 
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1962) did have more affect upon per- 
formance in the classification tasks than 
upon those involving addition although 
no change in the fundamental relations 
between information reduction and dif- 
ficulty was found. Since even the 
relatively well-established | relationship 
between dithculty and information trans- 
mitted in standard reaction-uime tasks 
varies according to the familiarity of 
the stimulus-response relations (com- 
patibility), it should be no surprise that 
similar considerations are important in 
as Fitts and Biederman 


reduction tasks 
(1965) have recently shown. 

Because it is very difficult to equate 
tasks for familiarity when studying 
utilization of already well-learned trans- 
formation rules, much of the effort to 
determine the generality of the relation 
between information reduction and per- 
formance must be done by studies of the 
learning of new transformations. 
(1964c) has shown that the 
of uncertainty between two patterns 
to be given a single name predicts 
the rate at which this classification 
can be learned. Moreover, a review 
of the literature in the area of concept 
learning (Posner, 1964b) has shown 
that the difficulty of concept attainment 
appears to be a direct function of the 
total amount of information within a 
category. These findings lend some 
support to the utility of the information- 
reduction measure in the study of 
information transformations. 

The result of the present study show- 
ing that forgetting is systematically re- 
lated to the difficulty of the information 
processing which follows the presenta- 
tion of a stimulus is of importance for 
the study of many complex sequential 
tasks. Performance in such tasks as 
concept learning (Hunt, 1961), problem 
solving (Simon & Kotovsky, 1963), and 
serial arithmetic (Sampson, 1958) has 
been shown to be closely related to their 
Storage requirements. Since many of 
these tasks may be described in terms 
Of information transformations it might 
e possible to examine the interaction 


Posner 
amount 


of memory and thought in these situa- 
tions in a quantitative way. 
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TRANSFER OF A PATTERN VERSUS COMPONENT 
DISCRIMINATION FOLLOWING TRAINING 
IN A PROBABILISTIC SITUATION ! 


MARCIA D. JOHNS 


Colorado College 


48 Ss were required to discriminate between sumulus patterns contain 
ing common components in a 2-choice probabilistic, discrimination- 
training situation. Training was followed by a series of test trials 
during which new stimulus combinations of the training components 


were presented. 


Discrimination during training was better described 


by a pattern interpretation than by a component interpretation of 


stimulus-sampling theory. 


Transfer of responding from training to 


test combinations occurred: (a) relative to a weighting of the separate 


components, or, alternatively (b) 
unless training combinations app 


relative to the separate components, 
eared 


as a part of the test display, 


Under the latter condition a more conspicuous role was given to the 


pattern interpretation of transfer 1 


This study provides a test of 
pattern vs. component interpreta- 
tions by means of a series of tests 
containing new combinations of stim- 
ulus components which appear during 
a preliminary series of probabilistic 
discrimination training trials. This 
study is an extension of the Estes 
and Hopkins (1961) paper which also 
provided such a transfer test. In the 
Estes and Hopkins study, however, 
the nature of the discrimination 
training (the classical type, rather 
than the probabilistic type) was such 
that the pattern interpretation could 
not be given a sharp test. 

A modified component interpreta- 
tion (presented by Atkinson, Calfee, 
Sommer, Jeffrey, & Shoemaker, 1964) 
is also tested in this study. (The 
modified interpretation did not ap- 

1 A portion of the present Paper is based on 
a dissertation submitted to the Graduate 
College of Indiana University in partial 
fulfillment of the requirements for the PhD 
degree. The writer is indebted to W, K, 
Estes for his guidance during the course of 
this research, and to G. R. Johns for his help 
and suggestions. The preparation of this 


aper was supported by funds from the 
A atonal Science Foundation Grant GB-1725. 


havior. 


pear in the Estes and Hopkins 
paper.) 

Typically, on each trial in a two- 
choice discrimination (whether clas- 
sical or probabilistic) .S is presented 
with a combination of stimulus com- 
ponents, and is required to make one 
of two discriminative responses, called 
-li and As, which represent predic- 
tions that reinforcing event E, or 
E», respectively, will terminate the 
trial. The type of trial on which Zi 
occurs is called a T, trial, and on 
which E» occurs, a T^ trial. 

In a classical situation, some stim- 
ulus components (unique, or relevant 
cues) are available for sampling 
only on T; trials or only on T^ trials, 
while other components (common, or 
irrelevant cues) may be sampled on 
both T, and T» trials. In a proba- 
bilistic procedure (described by Burke 
& Estes, 1957), all components may 
be sampled on both T, and T, trials. 
The stimulus conditions associated 
with the two types of trials are differ- 
entiated only with respect to the dis- 
tribution of probabilities with which 


the components are sampled. This 
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difterentiation provides the only basis 
lor discrimination learning. 


Mi rop 


The apparatus and stimulus materials were 
identical to those. of Estes and Hopkins 
Vhere were four S's booths each containing 
a vertical panel on which were mounted two 
lights side by side and a lever which could 
be moved to the left or right. The stimuli 
Were four letters from the Russian alphabet 
Which were projected on a screen that was 
Visible from each of the booths. 

The instructions (an. expansion of 
Estes-Hopkins instructions) described a medi- 
cal analogue to the task of probabilistic dis- 
The S was asked to 


the 


Crimination learning. 
imagine a series of records of patients each 
of whom had one of two diseases (indicated 
by the onset of the left or right light at 
the end of a trial), to be diagnosed by 5 (by 
Moving the lever to the left or right) from 
various combinations of four symptoms (rep- 
resented by the Russian letters projected on 
the sereen). The two directions of lever move- 
ment and, correspondingly, the two light 
locations were assigned in a counterbalanced 
Manner to the roles of l; and fs and to the 
roles of Ay and Es, respectively. 

Forty-eight Ss were given, for the tirst part 
of the procedure, two sessions of 300 training 
trials cach on two concurrent pattern vs. 
component discriminations of the probabi- 
listic type, as shown in Table 1. The sampling 
probabilities for the components are condi- 
tional on the type of trial prevailing, Ti or Ts, 
which Were equally likely. The sampling- 
probability: values were chosen in order to 
differentiate between the pattern and com- 
ponent outcomes which are discussed later, 
and to produce equal frequencies of presen- 
tation of the seven possible training patterns: 


TABLE I 
SAMPLING PROBABILITIES FOR IHE Cow- 
PONENTS OF l'Wo CONCURRENI 
DISCRIMINATION PROBLEMS 
Component l Ts 
Problem | 7 
a | Ly 
h 1021 MS 
LN 
Problem H - 
t 1o 2 TIS 
d j] 157 
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CABLE 2 


OBSERVED AND PREDICTED PROPORTION OF 
«l; RESPONSES TO TRAINING PATTERNS 
ON THE Last 50 TRIALS OF 


, 


Dav 2 


‘ TT 

a 97 SS 92 
n? x2 au 

i 94 64 SA 
ul ao 


4. (component a and not component 4), b, 
ab, ca ud, ed, and "blank" (no components), 
During training, two concurrent. discrimina- 
tion problems, occurring equally often, were 
given so that only the above training patterns 
could be presented. Thus, the remaining 
possible combinations of the four components 
were reserved for presentation as test com- 
pounds. Presentations of the test compounds 
were interspersed among the last 50 training 
trials of both sessions, Each test compound 
was presented twice during a daily session, and 


on each test trial neither Ei nor Es occurred. 


On all training trials the stimulus pattern 
was projected on a screen for 2 sec. ; there was 
an empty interval of 1 sec.; one of two rein- 
forcing lights was illuminated for 1 sec. ; then, 
there was another empty interval of 2 sec. 
before the next pattern was shown. On all 
test trials the usual [-sec. reinforcement 
interval was empty. 


I NBU 4 


OBSERVED AND. PREDICTED PROPORTION OF 
l} RESPONSES ro THE TEST 
CowrovNpbs ox Day 2 


| Predicted 
Test 
Compound | Obs. i 
| Patt Comp. Mixed Med. 
Comp. 
hec Run] IS IR 
ac, bd 49 13 AT 
ad | 7 95 — .98 
abe, hed | A8 TL 09 
abd, acd 95 95 SI 
alid OF 04 77 
Mean Absolute 
Dil. Bet. Obs. 
and Predicted | .22? Rn QS AV 
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RESULTS 

Tables 2 and 3 present predicted 
and observed response proportions to 
the training patterns and to the test 
compounds, respectively. From Ta- 
ble 1 and from the theoretical rules 
given by Estes and Hopkins, one may 
calculate the predictions from the 
component and pattern interpreta- 
tions that appear in Tables 2 and 3. 

Consider, e.g., the predictions of 
the probability of an .1, response in 
the presence of training pattern a. 
(or .d). According to the pattern 
interpretation, responding is said to 
approach the probability of Æ, oc- 
curring in the presence of that pat- 
tern. The latter probability is .92, 
shown in Table 2 and calculated from 
the appropriate values in Table 1. 
Under the component interpretation, 
on the other hand, responding to 
pattern a. is said to approach the 
probability of £, occurring in the 
presence of component a, whether 
alone or in combination with com- 
ponent b. This E, probability, calcu- 
lated from Table 1, is .88. The 
component prediction for responding 
to the two-letter pattern ab is .64 
which is, according to a compounding 
rule (Burke & Estes, 1957), the 
average of the separate component 
predictions to patterns a. (.88) and 
.b (42). 

For the training data in Table 2, 
the pattern interpretation was clearly 
more satisfactory than the component 
interpretation, as in the Estes-Hop- 
kins study. However, the training 
data were not thoroughly compatible 
with the pattern interpretation due, 
in part, to the observed tendency 
of some Ss to maximize their chances 
for success on each trial. 

Since neither of the interpretations 
for the training data was uniformly 
satisfactory, transfer predictions of 
the test data, shown in Table 3, were 


based on the observed (rather than 
predicted) response proportions to 
stimulus units achieved during train- 
ing, shown in Table 2. 

application of the 
compounding rule to obtain predic- 
tions for responding to test compound 
abc, e.g. The pattern prediction, .48, 
was obtained by averaging .04 (the 
observed value to pattern ah, Table 2) 
and .02 (pattern c.). The component 
prediction, .64, was obtained by 
averaging .95 (the observed value to 
component a, calculated from Table 
2), 48 (component b), and 48 
(component c). 

For the test data in Table 3, the 
pattern interpretation (called the 
"molar" pattern interpretation by 
Estes and Hopkins) was clearly the 
poorest, while the component inter- 
pretation was considerably better, 
as indicated by .22 and .07, respec- 
tively—the mean absolute difference 
between observed and predicted re- 
sponse proportions. On the other 
hand, Estes and Hopkins reported 
the superiority of the pattern inter- 
pretation over the component inter- 
pretation of the test data. However, 
for classical discrimination training 
(as used by Estes and Hopkins) the 
pattern interpretation cannot be dif- 
ferentiated from the component inter- 
pretation when the latter interpreta- 
tion is extended (as suggested by 
Johns, 1962) by an auxiliary process 
such as the acquisition of an observ- 
ing response (Wyckoff, 1952) or the 
adaptation of irrelevant cues (Restle, 
1955). Under such an extended 
component interpretation S may be 
responding to the constituents of thc 
stimulus combinations and, at thc 
same time, may be learning to make 
the correct response to, say, ab by 
ignoring component b when it appears 
With component a. (For a probabil- 
Istic procedure, as used in the present 


Consider the 
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study, there is no obvious reinforce- 
ment of Ss" learning to make observ- 
ing responses or to adapt to certain 
cues, ) 

A mixed interpretation, which ranks 
second best in Table 3, combines 
elements of both the pattern and com- 
ponent interpretations. Fhe com- 
pounding rule for the mixed case 
requires that whenever the test com- 
pound contains a training pair. then 
the response value to that pair is 
averaged with the response value to 
the remaining component. The rule 
produces identical predictions for the 
component and mixed interpretations 
of all test pairs (since a test pair 
cannot be a training pair), and iden- 
tical predictions for the pattern and 
mixed interpretations of the combina- 
tion of all four components. 

It should be noted that 
interpretation for the test data in 
Table 3 is a modified component 
interpretation which also provides 
the best fit for data on stimulus 
compounding recently obtained by 
Atkinson et al., 1964. This inter- 
pretation (called Model 1l by Atkin- 
son et al.) assumes that the influence 
of each component is proportional 
to the likelihood that it elicits a correct 
response, Thus, for the test com- 
pound abc, e.g., the modified com- 
ponent prediction, .69, was obtained 
by weighting each proportion of 1, 
responses -.95 (component a), .48 (b), 


the. best 


500 


and 48 (c) —by the appropriate ob- 
served proportion of correct responses 

.84 (component a), .50 (b), and 
-30 (c), and dividing by the sum of 
the proportions correct, 1.84. The 
superiority of the modified component 
interpretation in the present studv, as 
shown in Table 3 bv a difference of 
04 between observations and predic- 
tions, is not, however, striking since 
the mixed interpretation ranks closely 
to it with a value of .05. 
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In 2 experiments, rats choos: 


crimination experienced a ct 


reward offered on the mo 

on the less favorable alterna I 
with the LFA and MEA ise 
forced trials among free choices, 
choice of the MEN was attained m 
there, and (b) running speed re 


more sensitive than ME Y speed, 
After the reward shift, all re 
to the level of the base line con 
adjust as readily as MEN speed, 


speed on the MEX to initi dly undershont 


the appropriate level when reward 

Change in the magnitude of rein- 
forcement, manipulated. by altering 
nominally or operationally defined 
reward, has been reflected by rapid 
and marked changes in behavior. 
The widely cited work of Crespi 
(1942) has been followed by a number 
of studies of a similar nature (e.g., 
Collier & Marx, 1959). The basic 
approach has been to either raise or 
lower the (nominal) reward value 
which initially had been given S, 
Thus, from the first to the second suc- 
cessive, operationally discrete stage 
of training, treatment. in this para- 
digm (“successive contrast”) differs 
only in terms of contrasting m 
tudes of reward. 

A second, more recent, se 
has presented different 
of reward simultancously, 
experiments, S's preference 
of a choice measure has bee 
along with independent 
S's speed of approach to 


agni- 


t of studies 
magnitudes 
In. these 
in terms 
n measured 

measures of 
each stimulus 
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n 2 rewards in a position dis 


i either the quantity or quality et 


e alternative (MEA) while reward 
FN deonstant— Experience 
(qua reuzhent bs interspersing 

Set ward shift, 0) maximal 
re quickly the greater the reward 
the LEA was inversely related, and 
enitude of reward on the ME X 


ponse n 


sures eventually adjusted 
speed on the LEA did not 
some tendeney appeared for 
NOt statistically 


thou; 
ind (b 


nili ant 
was drastically reduced there, 


when presented singularly Ieg Spear, 
1964). This paradigm may be termed 
à "simultaneous contrast" in reward. 

The present 
porated both 
within a single design. 


incor- 
paradigms 
Reward on 
the nominally less favorable alterna- 
tive (LFA) of a position discrimina- | 
tion was held constant across groups 
while varying reward on the more 
favorable alternative (MEA); this 
represented the simultaneous-con- 
trast paradigm. After a moderate 
amount of training under these condi- 
tions, reward on the MFA was 
changed to a common level for all 
groups (less than before for some 
groups; more than before for others), 
with no change on the LFA; this 
represented the successive-contrast 
paradigm. ‘This design raises a num- 
ber of questions concerning differen- 
tial speed between the alternatives 
within groups and differential speed 
to a given alternative between groups. 
along with the choice measure. 
In this design a 
contrast effect would be 
Il performance on 
inversely proportiona 
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experiments 


of these 


simultaneous- 
said to occur 
the LFA were 
I to the nominal 


CONTRASI 


amount of reward on the MFA. A 
successive-contrast effect would occur 
i performance on the MFA after 
the reward shift were inversely pro- 


portional to the reward that had 

been given there before the shift. 
[EXPERIMENT | 

Method 


Subjects and apparatus.—The Ss were 84 
Naive, male albino rats of the Sprague-Dawley 
strain, 98-107 days old at the start of T-maze 
experience. Three additional Ss were dis- 
carded for failure to enter an arm of the maze 
within 2 min. after leaving the start box for 
six successive trials. The maze was the 
Narrow T (14-ft. stem and 9-in. arms, ex- 
cluding goal box) previously described by 
Cotton, Lewis, and Metzger (1958). The 
formerly opaque forcing doors were replaced 
with sheet-metal cloth; this permitted visual 
and olfactory access to both alternatives 
during forced trials. Stem speed was meas- 
ured from the treadle just outside the s art 
box to the treadle just before the choice point. 
Arm speed was measured from the second 
treadle to either of the third treadles which 
were positioned just before each goal box 
(distance of 12 in.). 

Procedure.—lnitial taming proceeded as 
described by Spear (1964), and the feeding 
schedule consisted of 1} hr. of free feeding, 
which period began 11 hr. after the start of the 
day's scheduled T-maze session. Thus, .Ss 
were always run under 211-hr. food depriva- 
tion. 

There were six groups to which Ss were 
assigned at random in this experiment, and 
three members from each group (ie., 18 Ss 
in all) were run in rotation within a 11-hr. 
period. Each 5$ was given six trials per day 
for 16 consecutive days. A minimum of 10 
min. occurred between successive trials. 
The S was detained between trials in an 
individual carrying-cage compartment where 
water was always available. 

Upon entry into a goal box, .S was detained 
for a minimum of 15 sec., or until all pellets 
Were consumed. The first and fifth trials 
of each day were free choices. On the second 
and sixth trials, S was forced to the alternative 
Opposite that chosen on the preceding free 
‘rial. On one of the third and fourth trials, 
S was forced to the MFA, and on the other 5 
Was forced to the LFA. The direction of 
Prcing on the third and fourth trials was 

termined according to one of two previ- 
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ously set, random schedules. These schedules 
were constructed and assigned so that, on any 
given day, half the Ss in each group went to 
the MFA (which was the left arm for a 
random half of the Ss, and the right arm for 
the remaining Ss) on Trial 3 of that day, and 
half went to the MFA on Trial 4. Unless 
otherwise specitied, arm-speed data are based 
upon speeds on these randomly forced trials. 
Design.—Differential treatment was in- 
troduced in terms of the magnitude or sweet- 
ness of the reward present in the MFA. In 
the case of the group given equivalent reward 
in both alternatives, the MFA was randomly 
designated prior to training. All Ss were 
always rewarded with 1 regular pellet in the 
LEA, and either 1, 2, or 10 pellets in the 
MFA. Pellets in the MFA were regular for 
three groups and sucrose (also Noyes pellets, 
of the same weight and dimension as the 
regular pellets) for the other three groups. 
The groups may be designated according 
to their conditions as 1Sw, 2Sw, or 10Sw (for 
sweet), and IR, 2R, or 10R (for regular). 
his differential treatment was given during 
only the first 8 days of T-maze experience— 
the Preshift stage of training. From the 
ninth through sixteenth days, all Ss were 
always presented with 2 regular pellets in 
the MFA and their usual 1 regular pellet in 
the LFA; this was termed the Postshift stage 
of training. Therefore, simultaneous-con- 
trast effects could be defined in terms of 
group differences in speed to the LFA during 
the Preshift stage. Successive-contrast ef- 
fects could be defined during the Postshift 
stage if a group's mean speed to the MFA 
should either overshoot or undershoot the 
corresponding mean speed of Group 2R. 


Results 


Choices.—Eventually, Ss from all 
groups (except those choosing be- 
tween equivalent rewards) unani- 
mously chose the MFA on their free 
trials, though the number of trials 
necessary to reach this asymptotic 
choice level depended upon the reward 
present in the MFA. The course of 
choice behavior throughout both 
stages of training is shown in Fig. 1, 

During the Preshift stage, both the 
effects of sweetness, F (1, 78) 24.16 
p<.05; and magnitude, F (2, 78) 
= 16.01, p<.001, were significant with 
no interaction, F (2, 78) «1. The 


n 
[m 
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F 


MFA 


PROBABILITY OF CHOOSING THE 


Fic. 1. Probabilit 
(The MFA for Group 1R was ram 


same in both alternatives during Preshift.) 


greater the sweetness or the 


(are sine) probability of a correct 
choice throughout the entire 8 days. 
The effect of sweetness, however, was 
of only borderline significance. When 
multiple comparisons were made via 
the Duncan range test 
1960), Groups 10R and 
fered from all the others (though not 
from each other), but the remaining 
four groups did not differ significantly 
among themselves, i 
It is clear from Fig. 1 
groups continued to choose 
during the Postshift stage, Although 
Group 1R is somewhat below the 
others during the latter portion of 
this stage, 8 of the 10 errors made by 
this group over the last 4 days were 
made by the same S. 
Arm speed during preshift Slage.— 
The basic results may be summarized 
(a) slower running to the LEA 


(Edwards, 
10Sw dif- 


that all 
the MFA 


as: 


-7> -JF -+ -s See 


56 7B 95 2 
y of choosing the MEA during the Preshift and 


lomly determined prior to training 


greater 
the magnitude, the greater was the 


DAYS 


fostshift stages of Exp. I. 
e though reward was the 


the greater the reward in the MIEN: 
and (5) no significant differences 
speed of running to the MFA. 
relationships may be seen in 


in 
These 
Pir: 2 

An analysis of variance of mean 
speed to the LFA during the last 2 
days of the Preshift stage was per- 
formed. The apparent inverse rela- 
tionship between speed to the LEA 
and reward on the MEA was verified 
in terms of the main effect of nominal 
magnitude, / (2, 78) =8.85, p<.001. 
Neither the main effect of sweetness, 
F (1, 78) <1, nor the interaction. be- 
tween sweetness and magnitude, 7 
(2,78) 21.32, attained significance at 
the .05 level. 

Speed to the MEA during the final 
2 days of l'reshift training did not 
vary significantly asa function of mag- 
nitude, /^ (2, 78) =1.95, p<.25, nor 
Sweetness, F (1, 78) <1, nor did these 
two variables interac 


S t significantly, 
F (2, 78) <1, 


In view of the rapid ac- 


CON LR ASI 


DAYS 


Pig. 2. Mean arm speed to the MEN (top 
and go the LEAN (bottom? during the Pre- 
shift stage of Exp. I. 


celeration of Group LOSw in terms of 
speed to the MFA, a post hoc analysis 
of variance of MEA speed summed 
over all of Preshift training was also 
performed. Again no effect was found 
at the .05 level of magnitude, / (2, 
78) =2.63, p<.10; sweetness, F (1, 
78) <1; nor their interaction, / (2, 
78) <1. Thus, no statistically sig- 
nificant effect of reward magnitude 
on running speed to the MEA could 
be determined at any point during 
the Preshift stage. Moreover, there 
does not appear to be any suggestion 
from Fig. 2 that such differences 
might have appeared had additional 
training been given under these con- 
ditions, . 
Arm speed to the MEA on tree 
trials yielded the same general rela- 
tionships as were found on the forced 
trials, though it is believed that the 
Sreed-trial data is more meaningful, 
“specially during the Preshift stage. 
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Un 
Oe 


Clearly, since all Ss did not choose 
the MEA on any given trial, some 
undesirable S selection must occur in 
an analysis of free-trial arm speeds. 

Analysis of stem speeds vielded no 
significant differences in either stage 
of training. 

Arm speed during postshift stagc.— 
Phe two major findings concerning 


this measure—(2) the absence of 
successive-contrast effects in the 
MEN: and (b) the paradoxically 


greater change of speed on the MFA 
than the LFA, which change de- 
pended upon original reward magni- 
tude—are evolved below. The course 
of these running speeds with training 
are shown in Fig. 3. Parenthetically, 
a note should be injected concerning 
the spurious differences in speed to 
the MFA on the first 2 days of the 
Postshift stage. M analysis of vari- 
ance of this measure revealed (as has 
been shown for the Preshift stage) 
no statistically significant. effects of 
78)22.32, p «.25; 


magnitude, / (2, 
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Fic. 3.. Mean arm speed to the MFA (top) 
and to the LFA (bottom) during the Post- 
shift stage of Exp. L 


Sit 


sweetness, F (1, 78) =2.37, $ <.25; 
nor of their interaction, F (2, 78) <1. 

As a test for successive-contrast 
effects, an analysis of variance was 
performed on mean running speeds 
to the MFA during the final 2 days 
of the Postshift stage. Neither the 
main effects of sweetness and magni- 
tude, nor their interaction proved to 
be significant (all Fs were less than 1). 
Thus, there was no evidence for 
successive-contrast effects as meas- 
ured by absolute levels of speed to 
the MFA. 

There is a second, perhaps more 
important, aspect to these Postshift 
data. This is the relative change 
in speed to the original MFA, and 
to the MFA following removal of 
differential conditions of nominal re- 
ward. In order to evaluate this, 
mean speed on combined Days 1 and 
2 was compared with that on Days 7 
and 8 of the Postshift stage. Thus, 
the basic analysis was a $22 
analysis of variance comparing the 
effects of magnitude, Sweetness, and 
the within-S measure of Days. This 
analysis indicated that speed to the 
LFA was unaffected by the change 
in reward magnitude to the MFA. 
The effect of magnitude persisted 
throughout the Postshift stage, F (2; 
78) = 440, p < 025, such that the 


P OG. #8) = 


shift magnitude change wit 
training on the Postshift magnitude— 
for Days X Magnitude interaction, 
F (2, 78) <1. There was nO signifi- 
cant effect of sweetness, F (1, 78) < 1; 
no significant interaction of Sweetness 
xDays, F (1, 78) =1.34, P<.50; and 
all remaining interactions from this 
analysis yielded 7s of less than 1. 


h increased 
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A 3X2 X2 analysis of variance 
identical to that above was also per- 
formed on speed to the MFA. As 
may be inferred from Fig. 3, the 
effect of the shift in reward was much 
greater on the MFA than was the 
case with speed measured in the LFA. 
The overall change in speed from 
Days 1 and 2^to Davs 7 and 8 was 
substantial, F (1, 78) 28.17, p «.01. 
Moreover, this change depended upon 
Preshift magnitude—íor the inter- 
action between Magnitude X Days: F 
(2, 78) =4.09, p <.025—such that the 
greater the shift in reward magnitude, 
the more the speed change ‘from the 
beginning to the end of the Postshift 
Stage. No other sources of variance 
from this analysis were statistically 
significant. 

It is clear, then, that the reward 
shift had different effects on the MFA 
than those on the’ LFA, l'Specifically, 
the magnitude of the change in speed 
to the MFA was greater the greater the 
shift in reward ; but speed to the LFA 
did not change, regardless of the mag- 
nitude of the MFA reward shift. 
Paradoxically, speed to the LFA had 
been the more sensitive to absolute 
reward magnitude on the MFA prior 
to the shift. 


Discussion 


While no successive-contrast effect 
appeared, the simultaneous-contrast ef- 
fect was clear and reliable in terms of 
the arm-speed measure. But the asym- 
metry of the effect of reward magnitude 
—slower LFA speed was not accom- 
Panied by correspondingly faster MFA 
Speed in groups with largest MFA 
reward—remained Puzzling. Although 
Preference for the MFA in terms of 
choices Was clearly attained more 
quickly the greater the MFA reward 
Davenport, 1962; Hill & Spear, 1963; 
Spear, 1964) the differential in speeds 
to the alternatives was notably at- 
tributable to behavior on the LFA only- 


CONTRAST 


It is true that this lack of speed differ- 
on the MFA agreed with the 
results of Davenport (1962) from an 
identical (Preshift) paradigm, and with 
the results of others. (e.g... Goldstein & 
Spence, 1963; Spear, 1964) who have 
used similar paradigms. Neverthel 
the fact was difficult to rationalize, 
and it was felt that a closer look at the 
comprising the 
was warranted. 


ences 


response components 
arm-speed measure 
Therefore, a experiment gave 
independent consideration to the ''turn- 
ing" and the "committed" speeds— the 
respective speeds with which .S left the 
stem and completely entered an arm, 
and the final speed to the goal box once 
S was directly in line with the food cup. 
Parenthetically, it should be explained 
that the search for contrast effects with 
bulk of reward relatively constant— 
the use of sucrose vs. regular pellets— 
was dropped for Exp. I. This variable 
had produced negligible differences. in 
Exp. I with the exception of the 
tendency for Group 1Sw to choose a 
sucrose over a regular pellet on free 
choices. Thus, Exp. I and other evidence 
(e.g., Goodrich & Zaretsky, 1962) sug- 
gests that the strong contrast effects 
shown by Collier and Marx (1959) were 
not due solely to their varying quality 


second 


(percentage of sucrosc) rather than 
bulk of reward. 
EXPERIMENT II 


This experiment compared Group 
1R with a group choosing between 
two diverse magnitudes (12 vs. 1 
pellets; Group 12R) in order to 
accomplish the following: 

1. The phenomena associated with 
the speed measure employed in Exp. 
I were analyzed in further detail 
by independent consideration of two 
Components of this measure—the 
“turning speed" and the "committed 
Speed." These phenomena were also 
*Xamined in Exp. ll for their per- 
jistency, with particular attention 
Rlven to the endurance of the simul- 
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taneous-contrast effect—the differ- 
ential effect of MFA reward magni- 
tude on speed to the LEA 

2. The possibility of choice changes 
was increased by modifying the de- 
sign. An original purpose of Exp. | 
had been to examine contrast effects 
measured in terms of choice behavior. 
But the base line control, Group 2R, 
continued to increase toward 100% 
choice of the MEA during the Post- 
shift stage. Thus, the lack of prefer- 
ence change (as measured by choice) 
by Groups 10Sw and 10R is not sur- 
prising since their absolute level of 
differential speed never dropped sig- 
nificantly below that of Group 2R. 
That is to say, this fact is predictable 
provided one assumes that the abso- 
lute level of differential speed dictates 
choice to a greater extent than the 
amount of change in differential speed. 
In any case, ceiling effects such as 
10096 choice could conceivably have 
masked the effects of the reward shift 
behavior. Such limiting 
effects on this measure were elimi- 
nated in Exp. Il by reducing the 
magnitude of reward on the MFA to 
the same level as that on the LFA. 
Also, Postshift training was extended 
to provide greater opportunity for 
change in choice behavior. 


on choice 


Method 


Subjects and apparatus.— wo groups of 16 
female albino (Sprague-Dawley) rats, 75-85 
days old, were run in a T maze which differed 
Np. lin that it consisted 


from that used in E 
of a 10-in. start box, 24-in, stem, 18-in. arms, 
and 12-in. goal boxes; all parts were 4 in, 
wide and 4 in. high. Three measures of 
running time (later converted to speeds) 
included: "stem" (time elapsed from the 
opening of the start-box door until S inter- 
rupted à beam located 18 in. down the stem), 
"turning" (beginning 6 in. before the choice 
point and ending 6 in. bevond in either arm), 
and "committed" (beginning 6 in. beyond 
the choice peint in either arm—at which 
point S could not retrace to the stem or 
remaining alternative—and continuing for 
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dn either arm to a point 2 in. before 
rud nube. Alda db: speed. 
to are those recorded on the randomly 
ned) forced trials. 

Prior to T-maze 
treated asin Exp. I except that 
> given without food pellets 
1 " ration was 9 gm f 
hon and a total of 30 regular O45-em 
N s pellets, which total included re 
constimed in the T maze. 

The T-maze training pror ceded 
I except that only four trials were In tt h 
For a randomly selected half of the 
s. in each group the first trial was a free 
chili e, on the second trial S was forced w the 
side opposite that just chosen, and the third 
and fourth trials were “randomly fori ed 
(one to each alternative). The remaining Ss 
received their randomly forced trials pri 
to their free trial each day. 
forcing procedure included the characteristic 
that, on any given trial throughout the 
experiment, one fourth of the Ss in c ich group 
were forced to their MEA (one eighth of the 
Ss to the left and one cighth to the right 
one fourth of the Ss in en h 
forced to their LE, 

For the first 48 trials, Ss in Group 12k 
received 12 pellets upon each experience in the 
MPA and 1 pellet in the LEA, and Ss in Group 
IR received 1 pellet whichever alternative 
they experienced. During the 72 trials of the 
Postshift the 


container). 


experience, 
wedure 


by Ns dai 


ward 


in Exp 


day. 


he particular 


. and 


group were 


stage, 


groups were treated 
identically and received ] pellet in both 
alternatives, Thus, treatment in the Pre- 
shift and Postshift Stages was the same 


except for the reduction in MEX i 


: Nagnitude 
available to Group 12k, 


Results 


Choices.—The course of choice be- 
havior in the Preshift and Postshift 
stages is shown in Fig. 4, By the end 
of acquisition, as expected, Ss in 
Group 12R showed maximal choice 
of the MIFA and Ss in Group 1R were 
choosing it about half the time. 

After the shift in MEA magnitude 
of reward, choice of the MFA grad- 
ually declined in Group 12R. After 
72 trials of Postshift experience, Ss 
in this group were choosing the 
original MEA with about the same 
frequency as the remaining alterna. 
tive. Clearly, a depression effect" 
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the MEN 


stages dH 


Probabilits of choosing 
he Preshift and Postshitt 


ino choice behavior, definable by 
fewer choices of the original MEA 
by Group 12k compared with Group 
IR, did not occur, . 
Turning and committed speed during 
the preshift stage. —1t is first important 
to establish basic replication ol the 
running-speed phenomena found in 
Exp. i. The arm-speed measure and 
conditions of Exp. | would be most 
clearly replicated by considering. the 
speed for the combined turning and 
committed distances for those 58 
whose randomly forced trials were 
given as the third and fourth trials 
of each day (ie. after each alterna- 
tive had already been sampled once 
in a given sc ssion, as was the case in 
Exp. I. With this arm-speed meas- 
ure, the results from Exp. | were 
completely replicated in Exp. I. 
Speed to the LEA by Group 12R was 
less than that by Group IR, ¢ (14) 
=2.56, b«.05; 


need 
and the greater spect 
to the ME 


: ia did 
A by Group 12R again dic 


Not attain statistical significance, 
(044) = 1,91, p 05. 
The 


question 


" aw M 
now ijs the way ! 
Which this e 


ffect is distributed among 
the two distinguishable components 
of the response chain--the turning 
Speed and the committed speed. These 


CONTRAST 


the Preshitt 


stage are shown in Fig. 5. 
Analyses on the last 2 days of Pre- 


shift revealed that turning speed for 


Component speeds tor 


Group 12R was both greater to the 
MEA, £430) =4.15, p<.001, and less 
tothe LEN, ¢ (30) =2.71, p<.02, than 
that for Group IR. 
tancous-contrast effect was found on 
the LEA with this measure; and, in 
addition, speed was also greater. to 
the MEA the greater the reward there. 
This latter fact was not true in terms 
of committed. speed, which accounts 
for the lack of a significant difference 
When these measures are combined. 
That is, committed speed to the MEA 
did itot differ as a function of reward 
magnitude there, / (30) 2.01, p>.90. 
Committed speed to the LEA at the 
end of the Preshift. stage was not 
quite significantly greater for Group 
IR than Group 12R, ¢ (30) 5 1.55, 
b> AO, but the greater LEA speed 
by Group 1R recorded on the first 2 
days of the Postshift stage did attain 
statistical significance, ¢ (30) = 2.12, 


Thus, a simul- 
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Fic. 0. Mean turning speed. (top) and 
mean committed speed (bottom) to the 
MEA and LEA during the Postshift stage of 
Exp. 11. 


p <05, which was maintained through 
several days of the Postshift stage. 

Stem speeds were nearly identical 
for the two groups, in both stages 
in the Timaze. 

Turning and committed speed during 
the postshift stage.—It is apparent in 
Fig. 6 that the measure most quickly 
and markedly affected by the shift in 
reward magnitude available on the 
MEA was speed to the MFA. This 
fact is in complete agreement with 
Exp. 1. By the seventh and eighth 
days of this stage (the point, in terms 
of days, at which Postshift training 
in Exp. I was terminated), turning 
speed to the MEA did not differ 
between groups, / (30) = 1.03, p>.30, 
and the group relationship in terms 
of committed speed had reversed. 
This slower committed speed to the 
formerly MEA by Group 12R {a 
successive-contrast effect, by defini- 
tion) did not attain statistical sig- 
nificance at this point, ¢ (30) — 1.89, 
A0» 52.05. Asin Exp. khan analy- 
sis of (on MEA commit- 
ted speed) with groups as one fac- 


variance 
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tor and Postshift Days 1 and 2 
vs. Days 7 and 8 as the other, did 
ee | s significant interaction, . p 
(1. 30) = 13.01, p < .005, which in- 
dicates that the change in group dif- 
ferences was not a chance occurrence. 
Of course, this Interaction is not 
sufficient in itself to define a succes- 
sive-contrast effect. 

à In contrast to the speeds to the 
former MFA, the simultaneous-con- 
trast effect in terms of speeds to the 
former LFA was quite persistent, 
On the seventh and eighth days of 
the Postshift stage, turning and 
committed speeds to the former LFA 
were still significantly greater for 
Group 1R than for Group I2R, 
t (30)22.17, P<.025; and | (30) 
= 2.37, p < .025, respectively. 

By the end of the Postshift stage, 
all speed differences were gone. On 
the last 2 days of this stage, the 
groups’ turning speeds did not differ 
to the MFA, ; (30) = 1.30, p> .20, 
nor to the LFA, ¢ (30) = .09 Ż > .90; 
neither did committed speed differ to 
the MFA, ¢ (30) = 1.18, p > .20, nor 
to the LFA, ; (30) = .85, P 40. 

In summary, committed 
adjusted more quickly than turning 
speeds, including an immediate de. 
crease in speeds to the former MFA 
and an eventual increase in Speeds 
to the former LFA, relative to Group 


ive Postshift train- 


Speeds 


Discussion 


The major facts obtained 
were substantiated an 
Exp. II. First, it is clear in terms of 
speed measures that a simultaneous- 
contrast effect may exist when a reliable 
successive-contrast effect cannot, and 
therefore, the operational distinctions 
between the two paradigms could aid in 
understanding contrast effects jn general, 


in Exp. I 
d extended in 
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Chis implies that such considerations 
as depletion level of 5 (see, e.g., Ehren- 
freund & Badia, 


1962) may not be the 
only 


features to be considered 
1g for the elusive 

contrast effect, but that the character- 
istic distinctions be tween simultancous- 
and successive-contrast effects 
important, 


when 


search 


successive- 


are also 
For example, in view of the 
basic temporal distinetion (due to the 
fact that trials in tests of 
contrast have ne arly always been given 
at the rate of one per day by necessity) 
one might predict that simultancous- 
Contrast effects would weaken with 
increased intertrial interval. Indeed, 
in an experiment conducted at Rutgers 


successive 


University, the first author has e 
lected data which suggests that iin 
simultancous-contrast effect changes 


markedly when a 24-hr. interval clapses 
between trials. The relative importance 
of other characteristic differences be- 
tween these two paradigms, e.g. the 
greater number of “comparisons” (shifts) 
possible with the simultancous-contrast 
paradigm, remains an empirical question: 
On the other hand, it is quite possible 
that the existence of the simultancous- 
contrast effect may have itself decreased 
the likelihood of the successive-contrast 
effect. It is conceivable that the 
exposure in the Preshift stage to two 
different rewards may have reduced or 
climinated the kind of anchoring effects 
which, in accord with a perceptual inter- 
pretation of these phenomena (cf. Collier 
& Marx, 1959), may be responsible 
for successive-contrast effects. ; 

Secondly, it is clear from both experi- 
ments, and for both response Vii 
ponents of the arm-speed measure, apt 
adjustment in speed following a shift i 
MFA reward is more rapid in the former 
MFA than in the former LFA. More 
over, this is true even though speed t? 
the LFA relative to MFA speed, 15 
apparently 


differences on the MFA before the shift- 
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posed. In particular, faster adjustment 
to the former LFA would require that .S 
retain, during its response to the LFA, 
Some representation of the reward cur- 
rently offered on the former MFA; and 
this representation would need to be 
independent of, or at least uncorrelated 
With, S's response to the MFA. Inany 
case, the fact that S's speed to the LFA 
eventually did adjust to the level of 
the base line group after extended Post- 
Shift training substantiates the transitory 
Nature of contrast effects reported by 
Gonzales, Gleitman, and Bitterman 
(1962). 

With respect to the above relation- 
ships, some benefit occurred from inde- 
pendent consideration. of the turning- 
ànd committed-speed components of the 
response from the choice point to either 
alternative. A major advantage was the 
discovery that MFA speed did depend 
upon MFA magnitude with the turning 
measure alone, though not with the com- 
mitted speed alone nor when these meas- 
ures were combined. It may be signifi- 
Cant that the asymptotic committed 
Speed attained in the last 2 days of the 
Preshift stage (about 2.5 ft/sec to MFA 
for Group 12R and to both sides for 
Group 1R) was very similar to that of the 
asymptotic stem speeds (2.44 and 2.31 
ft/sec for Groups 1R and 12R, respec- 
tively) at that point. This suggests 
that Ss were running the “committed” 
portion of the T maze subsequent to 
turning at about the same rate (with 
the exception of LFA speed by Group 
12R) as they did in the stem after start- 
ing from a still position in the start box. 
If, then, turning speed is analogous to 
the starting speed in the runway, one 
would expect greater differences there as 
a function of reward magnitude in 
Comparison with points nearer the goal 


(cf. Knarr & Collier, 1962). 
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INTRASESSION 


OF THE CLASSICAL 
REPLEX' 


ES ELID 
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5, or 10 days. The 5-day 
CRs within postisymptotte st 
groups showed incre 
vreater 


increase wits in the 5-day 


despite overall inerease in percentage 


for. 


This study is concerned with per- 
formance which 
the classical conditioning 


decrements appear 
in the 
eyeblink reflex when conditioning is 
extended for a large number of trials. 
Although Pavlov (1927, Lecture 14) 
reports that well established CRs 
tend to disappear with continued 
training, there has been virtually no 
systematic investigation of the phe- 
nomenon, 


of 


Most investigations of classical de- 
fense conditioning utilizing the eve- 
blink reflex have not carried out the 
conditioning process far enough be- 
yond acquisition to have observed 
any tendency for the CR to diminish, 
However, a 
by Prokasy and his associates (Ebel 
& Prokasy, 1963; Krauss X Prokasy, 
1963; Prokasy, Ebel, & Thompson, 
1963; Prokasy & Whaley, 1961, 
1963) have utilized procedures where- 
by several hundred conditioning tri: 
have been given space 
SeSSIONS. 
(Prokasy 


recent series of studies 


d over several 
In only one of these studies 
& Whaley, 1963) were 
performance decrements reported and, 


1 Supported in part by Grant MH-04753 
from National Institutes of Health. John 
Roshak aided in construction of the apparatus 
and collected some of the data, We would 
like to express our appreciation to W. F 
Prokasy. Pennsylvania State University. 
who provided most of the latency analysis. 


group sho 
ms, while ether 
se in CR latenev within these sessions, but the 
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wed a decre 


im percentage of 
ups did not, MI 


gr 


group. These changes occurred 
of CRs across blocks of 100 trials 


in this case, decrements within a 
(65 trials) were observed for 
after about 200 trials. Thus, 
the evidence for inhibition with rein- 


forcement 


SESSION 


Most 


in eyelid conditioning is 
not compelling. 

Since the number of trials given per 
day might expected to be an 
iniportant factor, Ss in this experi 
ment were given 500. conditioning 
trials either in 1 day, spaced over 5 
days, or spaced over 10 days. 


be 


METHOD 


Subjects and desizn.—Vhe Ss were 57 
volunteers from an introductory. psychology 
class and were paid for their services, ssign- 
ment to one of three groups was made more 
or less randomly with the restriction. ol 
course, that an S had to be free to serve in 
the required condition, Since this restriction 
resulted in nonrandom assignment to condi- 
tions, some care must be exercised in com- 
parisons between groups. The Ss in Group 
each received 500 trials on 1 day with a 107 
min. rest between each block of 100 trials. 
The Ss in Group V each received 100 trials 
per day for 5 consecutive days. The s 
in Group X received 50 trials per day for ue 
days with a 2-day rest between Days 5 and 0- 
Apparatus.— he. laboratory. consisted f 
two separate rooms, one containing ihe 
apparatus for programing and presenting 
stimuli and for recording responses, UT 
other containing two 3 X 6 ft. booths er 
Ss, arranged so that two Ss could be ru 
simultaneously. The inside of each boot! 
Was painted flat white and was illuminate* 
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Bra aele dira. oiite 
10 t1. above the floor V Mn 


Was painted on 


wall at about 


and acted as à tiat 

Vhe recording 
mechanicaleelectrical linkage s3 
The pekup unit was a Hunter 


ted of 


tem now 


apparatus ci 


common use, 
headset connected to S's evelid by a tabe 
CYelash taped to the lid. The blink was 
amplined and recorded with a Brush Mark H 
ink writing oscillograph; paper speed was 
125 mm, see, The CS was a tone of 700 cps 
Produced by a Smith Model 2425 code prac- 
tice oscillator and presented over Teles Model 
LA earphones, Fhe UCS pult of 
Compressed nitrogen under SO-mm. (mercury 
Pressure having a duration of 75 mwee. The 
CS overlapped the onset of the UCS. and 
they terminated at approximately the same 
time. The CS-UCS interval of 525 msec. 
and the duration of all stimuli were controlled 
timers. The initiation 
automatically 


was a 


by Hunter decade 
Of all trials was 
With a Gerbrands programmer, 

Each S was seated in a wooden 


programed 


Procedure. 
armchair in his booth so he could not see any 
other S. After the headset had been attached, 
the instructions were read over the earphones. 
Conditioning trials began immediately and 
Were spaced randomly at 15-, 20-, and sec. 
intervals, lhe instructions were neutral 
and simply told S to relax and respond 
naturally. No instructions were given after 
the first Although Ss were not 
required to come at the same time each dav, 
the daily sessions always were separated by a 
night's rest. Following the final « 
each S filled out a questionnaire in which he 
was asked to give his impressions of the 
experiment, 

Conditioned responses were recorded as 
deflections in the record greater than 1 mm. 
in the interval 150-500 msec. following CS 


session. 


session, 


onset. 
RESULTS 
Acquisition. “The mean number of 
CRs for the three groups during the 
first 50 trials was 31.6, 23.8, and 26.7 
for Groups 1, V, and Ns respectively. 
These means were not significantly 
different, F (2, 54) = 1.10, owing to 
the large MSe (269). Since it was 
not possible to assign Ss to condi- 
tions at random, there was also the 
Possibility. that the biased assign- 
Ment would have serious effects on 
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the analysis of asyinptotic data. 


Consequently, the results from the 
first 50 trials were used to select. two 


samples of Ss from each group. One 
sample consisted of "good" condi- 
tioners whose scores ranged from 


30 to 50 CRs; the other sample con- 
sisted of "poor". conditioners whose 


scores ranged from 1 to 30. In order 


to match approximately good and 
poor conditioners across groups, and 
to keep sample size identical, it was 


necessary to drop three Ss from each 
leaving eight Ss in each sample in 
each group. The dropped Ss were 
not climinated at random, but were 
selected in order to keep the mean 
number of CRs approximately the 
same for all three groups at a given 
level. The analysis by initial per- 
formance levels was done for two 
reasons: First, it provided rather gross 
matching of the groups and, hence, 
reduced some of the inter-S vari- 
ability. © Secondly, there the 
possibility. that the extremely high 
levels of performance obtained by 
some Ss might override possible 
significant findings. 

Asymptotic performance.—Figure 1 
presents the percentage of CRs by 25 
trial blocks from Trials 101 


was 


to 500. 
Good and poor conditioners are shown 
separately for each experimental con- 
dition. The picture is a rather com- 
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Fic. 1. Percentage of CRs in 25 trial blocks 


from Trials 101 to 500 for good and poor 
conditioners in each group. 
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plex one and can be understood best 
by referring to the statistical evalua 
gon. Although it was passible u 
analyze the results of this E EA 
as a factorial design, the differences 
in number of trials per session did not 
make such a procedure advisable. .\ 
session for Groups I and V may be 
considered to be 100 trials, separated 
by a 10-min. and a 24-hr. rest, respec- 
tively, but a session for ( iroup X was 
50 trials. Thus, the results for cach 
group were analyzed separately in 
the form of a Sessions X Performance 
Levels X Trials factorial analysis. 
Since this procedure increases the 
likelihood of accepting chance dif- 
ferences, some conservatism is ad- 
visable in interpreting the findings, 
particularly with respect to compari- 
sons between groups. The results 
of these analyses are summarized in 
Table 1. 

The main effects of performance 
levels and sessions were significant 
in all three groups. Although the 
levels effect is of no theoretical im- 
portance, the significant sessions effect 
indicates reliable performance increases 
Over sessions for all groups. These 
changes interacted with performance 
levels in Groups V and X but not in 


NND WURI E STER 
Croupl. 1 heinteraction tool the dorm 
ot greater increase in response frequency 
over sessions for the poor Ss as com- 
pared with the good Ss, particularly 
in Group N, where the curves for 
good and poor Ss converged by the 
last session as these Ss approached 
maximum possible performance. 1 he 
only significant change within’ sessions 
occurred in Group V and was mani- 
fested as the main effect of trials. 
Inspection of the data revealed that 
this effect consisted of a decrease in 
frequency of responding within the 
100-trial sessions. un 
Further explication of the within- 
sessions effect in Group V may be 
made by analyzing the trend over 
trials within each of the performance- 
levels groups for cach session sepa- 
rately. Although the lack of signifi- 
cant interaction of sessions with trials 
makes it difficult. to statistically 
justify such a procedure, the results 
are nevertheless enlightening and, for 
the most part, consistent with the 
picture shown in Fig. 1, For the 
good conditioners a significant nega- 
tive linear slope was obtained only for 
Trials 401-500, 7 (1, 21) = 7.08. For 
the poor conditioners, Significant nega- 
live slopes were obtained for Trials 


TABLE 1 
ANALYSIS oF VARIANCE OF WitHiy-Session Erp ICTS FOR EACH Group 
= —— I D ae — ar —— 
Group I Group V Group X 

Source = a 
EM -—5 df jt. F df F df F 
Levels 1 &81* 1 | 725» || s40 
Error (B) 14 (541) 14 (404) 14 (133) 
Sessions 3 6.80** 3 11.98** 1 gar 
Trials 3 <1.00 3 6.87** 1 «1.00 
SX L 1 «1.00 3 3.70* 7 3.40** 
Sx A 3 <1.00 9 <1.00 7 <1.00 
L UN xt 5 «1.00 3 «1.00 1 1.16 
Bb 210 1.07 9 «1.00 7 <1.00 
Error (W) (9.1) 210 (3.9) 210 (6.7) 

05. cns dd 

oe S01. 
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201-300, F (1, 21) = 5.87, and for 
lrials 401-500, F (1, 21) = 8.06. 
The remaining sessions yielded Fs 
near or less than 1. The only excep- 
tion to a clear interpretation is the 
failure of a consistent decrement to 
appear over Trials 301-400 for the 
poor conditioners. Although there 
was considerable decrement in this 
session in the first 50 trials, there 
was an inexplicable rise in perform- 
ance late in the session which reduced 
the average slope. This improvement 
probably can be attributed to random 
error, however, since the 7 (2, 21) 
lor deviations from linearity was only 
2.36, p » .10. None of the other 
deviations even approached this level. 

Not all Ss showed evidence of 
decrements within sessions as defined 
by a negative slope coefficient for 
the blocks within a trial. In Group l, 
the number of 5s showing a within- 
session loss was 6, 6, 8, and 9 for 
Sessions 2-5, respectively. l'or Group 
V, these values were 11, 9, 9, and 13. 
For Group X there were eight sessions, 
with the largest number of Ss showing 
a loss being nine in Session 4. Gen- 
erally, there were more such Ss 
among the poor conditioners, but 
differences were small. Of even more 
significance is the fact that most of the 
Ss in Group V who showed a loss 
within a session also showed a loss 
during other sessions. Of the 11 Ss 
who showed a loss in Session 2, 7 also 
showed a loss in Session 3. Of the 
nine Ss who showed decrements 
during Session 3, eight also showed 
losses during the succeeding session, 
while eight of the nine 5s whose per- 
formance decreased during Session 4, 
also showed this pattern during Ses- 
sion 5. Furthermore, of seven Ss who 
Showed decrements during both Ses- 
Sions 2 and 3, six also showed losses 
during Session 4. Of the eight Ss 
Who showed decrements in both Ses- 
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sions 3 and 4, seven also showed 
decreases in performance during Ses- 
sion 5. None of the sessions in 
either of the other groups showed this 
consistency. In no case did the 
percentage of Ss showing decrements 
in two successive sessions exceed 50%. 
In summary, then, some consistency 
was evidenced in that most of the .Ss 
in Group V who showed decrements 
in earlier sessions generally continued 
to do so. This was not true in the 
other groups where decremental per- 
formance during a session was un- 
predictable on the basis of previous 
performance. 

The differences in overall perform- 
ance among the three groups were 
quite large, particularly in the poor 
Ss; however, statistical evidence for 
any difference was quite weak, 
Analysis of variance of the data in 
terms of blocks of 100 Trials X Groups 
X Levels resulted in an F (2, 42) of 
2.80 (\S.= 1516) for the main effect 
of groups, which was just short of the 
conventional .05 confidence level, but 
obviously was reduced by near ceiling 
performance of the good conditioners 
in all groups. The interaction F for 
GroupsXLevels, however, was near 
unity. Despite this lack of statistical 
support, the overall pattern of results 
in Fig. 1 tends to support the relia- 
bility of group differences. 

In short, the pattern of results 
appears to be a combination of per- 
manent depression in Group I, in- 
creases in frequency of responding 
over the 24-hr. rest interval in Group 
V with a decrease nearly to the level 
of responding of Group | within 
sessions, and consistent increases from 
session to session in Group X with no 
evidence of within-session decrements, 
The picture is clearer in the poor 
conditioners, but this may be due to a 
ceiling effect. In general, the pattern 
is similar at both performance levels 
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E ] sls is- sis 
Although the major anal 
pertormed on the two levels, an over 
ll analysis based on all 19 Ss in cach 
all analysis c E Piin 
group resulted in essentially the sanu 
z the condi- 
high 
lioners m 
level and tended to reduce any etiects, 
the picture is not nearly as clear, 
Nevertheless, the combined results 
: showed significant decrements 


i because good 
picture. Because u 


performed at such 4 


also i 
only in Group V. l 
Latencies. Inspection of the dis- 
tribution of CR revealed 
that the increase in responding which 


latencies 


was responsible for reminiscence in 
Group V consisted of à marked in- 
in short latency (150 250) 
Within 
however, these short latency responses 
disappeared, thus allowing frequency 
of response to return to approximately 
the prerest level. An overall picture 
of the changes in CR lateney can be 
seen in Fig. 2, where the Mean latency 
in blocks of 25 trials is plotted. for 
Trials 101-500 


crease 
11sec.) responses, 


a E m, 


for both good and 
poor conditioners in each group. 
Two things are evident from this 


graph: (a) although good conditioners 
tended to show shorter latencies than 
poor conditioners, 
Sessions across 
and (b) in general, 

increased within à s 
groups, but the 


the pattern within 
groups was similar; 
mean latency 
ion for all 
increases were more 
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Fic. 2. Mean latency in 25 trial blocks 


from ‘Trials 101-300 for good 


and 
conditioners in cach group. 


poor 
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Consistent in 


Group V. Group V 
also showed consistentls large reduc 


. » 3 d 
Hon in mean latem over the 24-hr. 


rest. Others groups also showed this 


pattern but not as consistently, nor 


Were the changes as great when thes 


did occur. 


No statistical evaluation. ot these 


trends is presented the means 
are based on differing 


Ks and since there are 


T e 
tor Various Ss 
numbers of ( 


occasional 


“empty cells when an S 


made no CRs in that blo k ob trials. 
The liten M presented 


results are 


Merely the 


to iluminate 
responsible the 


response 


processes 


tor results on Ire- 


quency of presented car- 


Fhe 


findings is consistent 


lier im this 
Pattern of these 
with the 


which 


section, overall 


Irequeney results, however. 
were statistically significant. 


Disci SSION 


The major finding of this study was 
that clear Dostasvmptotic 


decrements 
in CR frequene 


'Ppeared only in Group 
V and, even then, were small in magni- 
tude. Concomitant lengthening of the 
latency of CRs within a session, followed 
by recovery with rest, supported this 
finding and, indeed, may represent the 
major inhibitory: effect. This pattern 
also might be due to the diminution and 
recovery of a particular class of CRs, 
those with short latency., 

There 


is no ready explication of the 
Processes responsible for the decremetit 
at the present time. It would appear, 
however, that conditions leading to 
high levels of responding and to short 
latencies would. reduce the likelihood of 
finding such decrements, Certainly, the 
similarity: between these results and 
performance curves obtained in studies 
of repetitive motor skills suggests an 
in terms of reactive inhi- 
bition or some similar concept. How- 

> Other processes, eg. adaptation 


INIRASESSION DECKEMENTS IN THE EYELID CR 


to the UES or vigilance etteets. would 
produce the same results 
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3 experiments evaluated the degree to 
subjective probabilities conformed to 


probability theory. According t 
subjective probabilities, v(a)u(b| 
The mean correlation between th 
The corresponding 


to 2 classes of events, Although 


bility revision was less than the 


revision, the rel 


with the 2 classes of events 


agreed 
probability theory, 


Two important characteristics 


of 
subjective probabilities can be dis- 
tinguished—veridicality and consis- 


tency. The subjective probability of 
X, W(X), is veridical to the extent 
that its value agrees with the corre- 
sponding objective probability, P (X), 
A set of subjective probabilities is 


! Experiment I was conducted by Donald 
W. Stilson at the University of Colorado 
Medical School and was supported by Re- 
search Grant M.5744 from the National 
Institute of Mental Health. Our thanks to 
A. Omer Dery for collecting the data and 
helping with the analysis, Experiment II 
was conducted by C, R. Peterson and Z. J. 
Ulehla, and Exp, III Was conducted by C. R. 
Peterson, A. J. Miller, and L. E. Bourne, Jr. 
Both were performed Behavior Re- 
search Laboratory, 

Science, University 
combined as Publication No. 

Institute. The research was oy 
Research Grant M-4977 from the National 
Institute of Mental Health. The authors are 
indebted to K. R. Hammond and p. J. Todd 
for helpful suggestions. - ds 

2 Now at the Universi ty of Michigan, 

t Now at the University of Denver, 
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© probability theory, 2 products of 
a) and ¥(b)¥(alb), should be equal, 
riment Í, 


ducts was .67 in Expe 
fter partialing 


n Experiment I1 a 

probabilities, In Experiment HI, 
jective probabilities which referred 
1€ magnitude of subjective-proba- 


th 
magnitude of objective-probability 
ties associated 


d subjective probabili 
closely with the relation specified by 


internally consistent to the extent 
that the set conforms to implications 
of mathematical-probability theory. 
That is, if an equation is derived from | 
probability theory and subjective 
probabilities are substituted in the 
equation, then the subjective proba- 

bilities are internally consistent to the 

extent that the two si v 

tion agree. Since objective probabili- 

ties are consist 

theory, 


des of the equa- 


ent with probability 
perfect veridicality implies 


internal consistency of subjective 
probabilities; the reverse is not true, 
however, 


The experiments reported herein 
evaluated the internal consistency of 
Sets of subjective probabilities. As 
referents for subjective probabilities, 
Exp. | used naturalistic events with 
unknown objective probabilities and 
Exp. II used events with E.deter- 
mined probabilities, Objective proba- 
bilities of the referents in Exp. I and 

remained fixed throughout the 


experiment and will henceforth be 
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termed “static.” Experiment lIl 
investigated the revision of subjective 
probabilities and used as referents 
two classes of determined. events, 
data and data generators. 


EXPERIMENT | 
If Pia) represents the probability 
of event a and P(a|b) is the condi- 
tional probability of @ given b, then 
it follows from the definition of condi- 
tional probability that 


Pob) P (alb) P (a)P(b|a). [1] 


Each side of Equation 1 equals the 
probability of the joint occurrence of 
a and b. 

Experiment | measured subjective 
probabilities corresponding to each of 
the four probabilities in Equation 1. 
Then, over a set of observations for 
each S, a linear correlation was 
calculated between one product of 
subjective probabilities, V(a)V(5|a), 
and the other product, V(b)V (a[b). 
Degree of consistency was inferred 
from degree of linear dependence 
between the two products. 


Method 


Subjects —Twelve introductory psychology 
students served as Ss in order to satisfy a 
course requirement. 

Apparatus and procedure-—Response book- 
lets contained subjective-probability scales. 
The referents for subjective probabilities 
were 20 different trait names such as Goop, 
DISHONEST, WITTY, and WEAK. The Ss first 
responded with unconditional probabilities 
for each of the trait names, (e.g., "How many 
people in 100 could be described. correctly 
using the word . - ."), and then with condi- 
tional probabilities for each trait name given 
cach of the other trait names. Conditional- 
Probability scales were of the following form: 


"One hundred persons are known to be 
many of them would you 


weak. How 
expect to be . . - 
0 10 20... 100 
(a) pun. . 
(b) BRAVE . . 22 ete. 


on 
N 
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TABLE 1 
“ONSISTENCY AND RELIABILITY 
CORRELATIONS FOR EACH 
Sax Expr: | 


^ 


1 oo | 83 

2 A9 79 

3 AS 65 

4 31 08 

5 50 .66 

6 .91 .91 

7 | 8 37 

bi 2 .08 

9 50 oth 

10 oS whe 

11 | 89 .08 

ie AS E] 

Mean 07 372 
Upper 99% Limit .80 .80 
Lower 99% Limit | A9 62 


Each pair of traits furnished two sub- 
jective-probability products, of the form of 
Equation 1 [e.g., V(WITTY)V (BRAVE | WITTY) 
and ¥(BRAVE)¥ (WITTY |[BRAVE) ], for a total of 
190 bivariate observations. A product- 
moment correlation computed from these 
observations served as the measure of each 
S's internal consistency. The S gave two 
different estimates, separated in time, of the 
unconditional probabilities thus permitting 
an assessment of reliability. 


Results 

The hypothesis of consistency ex- 
plicitly requires an intercept of 0 and 
a slope of 1.0 for each S, when the 
aforementioned subjective-probability 
products are plotted. Inspection of 
the individual scatter diagrams re- 
vealed no obvious departure from 
these values, thus leading to the 
acceptance of the correlation coeffi- 
cient! as an adequate statistic for 
evaluating consistency. 

As shown in Table 1, the mean 
consistency correlation is .67 with 
99% confidence limits of .49 and .80. 
These results indicate a moderate 
degree of internal consistency. The 


4 Statistical computations upon correlation 
coefficients have used the Fisher z trans- 
formation. 
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mean rehability correlation between 
the first and second estimates of in- 
conditional probabilities is only .72, 
a value which places a rather low 
upper limit upon consistency. 


EXPERIMENT I] 


Experiment Il investigated the 
same basic problem as Exp. Ñ but 
with different apparatus, different Ss, 
and different referents for the sub- 
jective probabilities. 7I he referents 
were well-defined events with which 
each S had considerable experience, 
and the objective probabilities of these 
events were experimentally controlled. 
Control of objective probability en- 
abled the contribution of veridicalits 
to the subjective probabilities to be 
partialed out in the evaluation of 
internal consistency. [t is possible 
that v(a)(b|a) may approximate 
Vy(b)V(a b) simply because the sub- 
jective probabilities are accurate. 
The subjective products would be 
correlated with each other if they 
were correlated with the correspond- 
ing objective values. Since objective 
probabilities were known, the correla- 
tion of V(a)p(b;a) with Vibyyt(a b) 
was computed with the dependence 
of these products on the corresponding 
objective probabilities partialed out, 
This positive partial correlation w 
taken as a reflection of the 
internal consistency that 
by-product of the veridic 
subjective probabilities, 


as 
extent of 
Was not a 
ality of the 


Method 


Subjects. Sixteen paid volunteers ob- 
tained through the University of Colorado 
Student Employment Service served as Ss, 

A pparatus.— The response apparatus for 
obtaining subjective-probability estimates 
was a 25-in. bar divided into 100 equal units 
which were numbered from left to right. 
Three sliding markers permitted OSs to parti- 
tion the bar into four sections. The relative 
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Phe task included 128 possible 


smulus-response tah, pairings During 
each trial S observed which e, was on the 
tront of a card, predicted which >, would he 
on che back, and then observed which ^ 
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the events, and 
(o Csperienee dn estimating both uncondi- 
tional and probabilities. — Thi 
participation prepared Ss for Esp. [bin w hic h 
thes were required to estimate all possible 
unconditional amd conditioned probabilities ot 
the events a, and has Insertion of these 
probabilities for each S into 
Equation 1 yielded 128 bivariate observations 
of the appropriate: form, Wea why ay) and 
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conditional 


subjective 


Results 


As Table 2 shows, the product-palr 
consistency correlations are high. 
The mean is .92 with 997, confidence 
limits of 88 and 94. On the other 
hand, the product. pairs show low 
correlations with the objective proba- 
bilities: the mean being .34. Thus. 
the consistency partial correlations 
with dependence upon objective 
values. partialed out are also high, 
with a mean of .90 and 996% confi- 
dence limits of .86 and .93, Across 
Ss, consistency is positively correlated 
with veridicality; the correlation be- 
tween “consistency” and “veridi- 
cality" coefficients is .69 (p< 01). 
In sum, Ss exhibited a high degree pA 
internal consistency and the mor 
consistent Ss also tended to be the 
more veridical, 
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FABLE 2 
CoNsISTE Ney AND VERIPICAL IIS 
Corm t srioNs par Even 
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EXPERIMENT LH 


Experiments I and I demonstrated 
that Ss show a degree of internal 
consistency in their assignment of 
static subjective probabilities to inter- 
related events. Experiment [1] was 
designed to discover if Ss would show 
an analogous consistency. when they 
revised their subjective probabilities 
upon the occurrence of relevant data. 

Bayes’ theorem applied. to ob- 
jective probabilities specifies the theo- 
retically correct revision of these 
probabilities as the result of informa- 
tion provided by the occurrence of a 
datum (Edwards, Lindman, & Sav- 
age, 1963). Several experiments have 
used Bayes’ theorem as a normative 
model for evaluating the veridicality 
Of subjective-probability revision. In 
those experiments, S's task was to use 
the information provided by the oc- 
“Urrence of a datum (P) to revise his 
bijective probability about which 
‘Ypothesized data generator (/7) was 
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responsible for generating the D. The 
typical finding has that 
Js were revised than the 
corresponding Pis (Edwards, Lind- 
man, & Phillips, 1965; Edwards X 
Phillips, 1964; Peterson & Miller, 1965; 
Peterson, Schneider, & Miller, 1965). 
Subjective revision has usually been 
more conservative than veridical 
revision. 

Even though subjective-probability 
revisions are conservative, the results 
of Exp. | and l suggest that a set of 
revised subjective probabilities may 
be internally consistent. Deviations 
from veridicality for one subjective 
probability may elicit compensatory 
deviations for related subjective prob- 
abilities. Because the evaluation of 
internal consistency requires the revi- 
sion of subjective probabilities asso- 
ciated with at least two events, Exp. 
LEE extended the paradigm used in the 
aforementioned studies on subjective- 
probability revision by investigating 
the revision of (D) as well as of 471). 

Where Z and Za are two mutually 
exclusive and exhaustive. //s, any 
PD) can be partitioned as follows 
(idwards et al., 1963, p. 200): 


= PPID] Hy) 
+ PTs) PUD FT). 


been 


less 


Pu) 
[2] 


Since 7/7, and Za are mutually exclu- 
sive and exhaustive, P(I/,) is equal 
to one minus PUL). By making this 
substitution into Equation 2 and 
simplifying, 


P\D)=PWD He) 
T[PO LT) = PWD} PU). [3] 


Equation 3 provides a linear expres- 
sion relating P(D) to PT. 

To evaluate consistency, obtained 
subjective revisions of y (774) and yD) 
were substituted for P(II,) and P(D) 
in Equation 3 (remaining terms were 
controlled. experimentally). To the 


m 
2 


extent that the two sides. of the 
equation agree, YU) 
and (D) are internally consistent. 
To evaluate veridicality, objective 
revisions in P (Ja) over a sequence of 
trials were calculated by means of 


Substitution of 


revisions of 


3aves theorem. 
these objective revisions into Equa- 
tion 3 vielded revisions of P (D). To 
the extent that subjective revisions in 
V (D) agree with objective revisions in 


P(D), subjective-probability revision 


is veridical. 


Method 


Experimental design.—Theexperiment was 
patterned after an carlier experiment on sub- 
jective-probability revisions (Peterson. & 
Miller, 1965). The design involved two data 
generators, Ha and H,, and two types of data, 
D» and Dy. On the basis of information 
provided by the display of one of the Ds, S 
revised his subjective probability about 
whether it was generated by He or by Ih, 
In addition, S also revised subjective proba- 
bilities about which D would occur on the 
next trial. Thus, after observing the D, S 
first revised (He) and Ylh), and then 
revised (Di) and ¥(D,). 

The experiment consisted of 15 blocks of 
10 trials each. Each block of trials repre- 
sented a prearranged sequence of 10 data. 
The order in which sequences were assigned 
to blocks was counterbalanced across Ss 
within Blocks 1-5, Blocks 6-10, and Blocks 
11-15. In order to investigate the effect upon 
internal consistency of making joint sub- 
jective-probability estimates of both Hs and 
Ds, the first set of 5 blocks was a control set. 
During that set, Group I Ss responded with 
y(H)s and ¥(D)s; Group II responded with 
only ¥(D)s; and Group III responded with 
only the v(Z7)s. During all later blocks all 
groups responded with both V(/7)s and VCD)s. 

Stimulus sequences were arranged in ad- 
vance in order to permit comparison of re- 
sponses across Ss. Fifteen sequences of 10 
data each were generated randomly within 
the constraint that they conform to a binomial 
distribution with probability of the most 
likely datum equal to .67. The "correct" H 
as selected randomly as Ha for seven of the 
2 uences and as Æ for eight of the sequences, 

A positive (the most likely) outcome was D, 


for Ha and Dy for Hy. 


HL ERSON, 1 LEHEL. A MILLER, 


BOURNE. NND STILSON 


LIE Phe 30 Ss were studente ir 
i pstcholugy coume Par 

Experiment satistied a cours 

EL itu Pwo six-sided dice served ats 
Hs, Ha had tour black and two white 
sides Hy had two black and four white 
sides. lhe Dy represents a black side and 
De a white side. ['he S's subjectivesproba- 
bility « of D and. H were made, on 
cach on different response bars similar 
to thr edin connection with Exp, I. Phe 


response bar for the 4 


H ranged in value 
Irom 00 to. 1.00; the response bar for the 
y Dos ranged from 33 to (67, which were the 
limits dictated by the c omposition of Ts. 

Procedure. —For cach block of trials, E 
selected either //, or Hf, seemingly (to S) at 
random, and then progressed through the 10 
trial, Prior to Trial 1 in each sequence, Ss 
Were required to set probability markers at 
:50 on both response bars. The E rolled the 
chosen die and reported which side showed 
up. The reported side was actually deter- 
mined by the presequencing rather than by 
the roll. The Ss revised and recorded y 
and ¥( Pi. Phe Æ then rolled the die again, 
reported the side, and the Ss revised sub- 
jective probabilities, This procedure con- 
tinued throughout cach block of 10 trials, 

With respect to the revision of subjective 
probabilities, Ss were instructed that a black 
side was more likely to be rolled by the 
“mostly black” die and a white side by the 
“mostly white” die. Therefore, a roll which 
came up black should increase their y(Ha)s 
and also their y(D,)s. The amount of in- 
crease, however, depended upon cach S's 
intuitive feeling of where the marker should 
go. 


Results » 


Internal consistencv,—An internally 
consistent P(D) is related to a PUD) 
by Equation 3. Substitution of 
the relevant experimental values ? 
P(Di| Ha) and P(Dy|H,) into Equa- 
tion 3 yields the linear equation, 


PO) =} +P), (4 


with an intercept of 3 and a slope of 3- 

In order to determine the linear 
relation. between V(H,) and y(D») 
Product-moment correlations were 
computed over the last 100 trials for 
each S. The mean within-S correla- 
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CONSISTENCY OF SUBIECTIVI 


—-—-—- Theory 


Dota 


» (gl 
Fic, 1. A comparison of the theoretical 
and obtained ¥(Dp) as a function. of vn. 
(The (Dy) was restricted to the solid portion 
of the ordinate between .33 and .67. Values 
in the upper left hand corner refer to means 
and to standard error of means.) 


tion across the 30 Ss was .976, 
indicating that a straight-line function 
accounts for about 95% of the co- 
variation between V(//,) and (Db). 
Accordingly, a least-square analysis 
was used to find the straight line of 
best fit for each S. The solid line in 
l'ig. 1 is defined by the mean intercept 
(a = .306) and mean slope (5 = .389) 
across the 30 Ss. The standard error 
of the mean for the intercept is .006 
and for the slope is .011. 

These results indicate that Ss 
deviated systematically from perfect 
consistency. The mean subjective 
intercept is more than four standard 
scores below the ideal and the mean 
subjective slope is about five standard 
scores above the ideal. Thus the rate 
of y (Dy) revision with respect to V (Za) 
revision was significantly greater than 
that specified by Equation 4. 

Even though the subjective data 
line is significantly different from the 
theoretical ideal, the actual magnitude 
of, the difference is small. With the 
indifference point of (.5, .5) as an 
Origin, the data line is rotated less 
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counterclockwise Irom the 
theoretical line. 
tor the closeness of these two lines 
may be that Ss were instructed to 
revise V(/7/) and ¥(Y) in the same 
direction upon the observation of a 
datum, The amount of revision, how- 
ever, was left up to each S's own 
intuitive feeling. The instructions 
did not specify that the amount of 
VZ(D) revision with respect to y(//) 
revision should be constant across 
trials so the subjective values need 
not have provided such an orderly 
relation to any function. Also the 
instructions did not specify that the 
amount of (D) revision with respect 
to V (I) revision be constant over all 
values of y(/J) so the subjective 
function need not have been a straight 
line so near the theoretical ideal. Ob- 
viously Ss provided considerable con- 
straints of their own in the direction 
of internal consistency. 

Veridicality. -Figure 2 presents the 
least-square line relating revisions in 
VD) to objective revisions in P(D») 


than 3° 
Part of the reason 


P (Dy) 


Fic. 2. A comparison of the theoretical 
and obtained (Dy) as a function of P(D»). 
(All probabilities were restricted to the solid 
portion of the coordinates between .33 and 
.67. Values in the upper left hand corner 
refer to means and to standard error of 
means.) 
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m 
m 


tor the 30 Ss during the last 10 blocks 


he mean within. product 


of trials. 


moment correlation of 94 suggests 
tain that the straight-line analysis is 
agi ! 

ippropriate for the data, The clock- 


wise rotation of the empirical line from 
the theoretical line means that revi- 
sion in V D, ne 
than the correct revision 
positivel 


was TNOre conservative 
Subjective 
revision correlated 
with, but of less magnitude than, the 


Wats 


setween-S va 
the 


revision. 
indicated by 


correct - 
tion, as standard 


errors of the mean for the intercept 


and slope s about three times larger 
for veridicality than for consisten V. 
Effect of joint Two 
kinds of evidence relate to whether 
the high degree of internal consisten i 
is a result of responding jointly with 
both (7) and WD). Table 3 pre- 
sents comparative group measures of 


respond ie, 


deviations from internal consistency, 
The group mean ¥(//,) for cach of the 
50 trials of the first five blocks was 
substituted into Equation 4 in order 
to predict. the corresponding mean 
VD,) in either the same or à dilferent 


group. The mean difference and the 
74 refer to differences between pre- 
dicted and obtained V'D,s. Zero 


difference implies perfect consistency, 
Since prediction error was not reliably: 
less within Group | (Row 1) than for 
the other three comparisons (Rows 
2, 3, and 4), the process of joint 
responding was not an important 
determiner of internal consistency, 


TABLE 3 


VAN DIFERENCE BETWEEN PREDICTED 
AND OBTAINED V( Dr) 


yiI 


ya bui 
sat Group | .009 .001 
eem: i Group lI 1009 O01 
"a EP, e O12 001 
arou[ Group II O11 001 


Group IHI 


MULLER, 


BOT RNG WTS SEDDAONS 


Internal consisten a s high whether 


\ddi 


tional evidence tor this point resides 


or not Ss made joint responses, 


in the results of an analysis of variance 
vithin the bast TO hloeks, 
were signiteanth, diferent on 
slope, Fou 18) 
or the consistenes 
2.458. ^— 3.95.4029 10s 
Thus, joint responding provided nei- 
ther an 


Groups 
Hor 
either the consistenes 
0.19, p 
correlation, / 


immediate nor a long-term 


contribution to internal consistenev. 


Disct sstoN 


The major finding of these experiments 
is that a set of subjective probabilities ts 
constrained toward internal consistenev. 
This internal characterizes 
both statie subjective probabilities and 
the Revision con 
sistency does not depend upon the proc- 


Consistenes 


revision — process, 
ess of joint responding. 

Considerably stronger consistency wis 
found in Exp. I and IH than in Exp. I. 
Several experimental differences otter 
possible explanations for this diserep- 
ancy. The referents of the subjective 
probabilities in Exp. I were not as 
clearly. defined as in Exp. IT and IIl. 
It is possible that Trait a; may have a 
different meaning when associated with 
Trait as than when associated with Trait 


ds. There is no reason to expect internal 
consistency if the referents of the sub- 
jective probabilities do not remain 
constant. In addition, Exp. II and III 
imposed more stringent response con- 
straints; the subjective probability re- 
sponse apparatus required each set of 
subjective probabilities to sum to 1. In 
Exp. I each subjective probability could 
take on any value between 0 and 1.0. 
Furthermore, instructions in Exp. I 
provided some for con- 
sistency. 
been 


bound 
These constraints may have 
partly responsible for the differ- 
ential consistency. 

The internal consistency of Exp. IT 
Was not due to veridicality; Exp. Hl 


found consistency of revision to be much 
stronger 


lower 


than veridicality of revision. 
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The direction. of the departure from 
veridicality in Exp. III was in agreement 
With the earlier. finding that subjective 
revision is conservative in relation to the 
Correct revision, When Ss are conserva 
revision, the 
other re 


degree of 
sion is 


tive on one 


conservatism on the 
such that both revised subjective proba- 
bilities remain internally consistent. Al- 
impact of the 
is consistently 


though the diagnostic 
datum is too weak, it 
Weak from one variable to another. 

The significance of these results is that 
4 set of subjective probabilities appears 
to form an integrated. system.  De- 
parture from veridicality in one part of 
implies compensatory de- 
Thus, individual 


the system 
parture in other parts. 
probability estimates referring to related 
events probably reflect an underlying 
network of probabilistic relationships, 
rather than independently stored data. 
Since both to the same 
probability system, the 
measures are interdependent. 


estimates refer 
two resulting 
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JF NEGATIVE SLOPE TRANSFORMATIONS OF KNOWLEDGE 


SULTS ON A SIMPLE MOTOR RESPONSE! 


DONALD A. SCHUMSKY? 


Tulane University 


Bilodeau (1953) studied a series of transformations of knowledge of 
results (KR) which had slope and intercept constants varying inversely 
with one another making it impossible to partition their separate effects. 
‘The present study, by employing transformations with both positive 
and negative slopes, had comparable groups equated for slope constant 
but varying in intercept value. 80 Ss were given 16 discrete trials to 
learn a simple knob-turning response. Each response was followed by 
an appropriately transformed KR. Results revealed that S's initial 
responding is related to the value of the intercept constant of the 


OF 


transformation equation. Subse 


quently, the speed of learning is 


directly related to the absolute size of the slope constant of the trans- 


formation equation. 


In 153, Bilodeau studied the effects on 
performance of a number of linear trans- 
formations of the form Y=aX +b. He 
varied the slope and intercept constants on 
these transformations while holding goal 
score equal (all transformation lines inter- 
sected at the goal). He reported his results 
as suggesting “A family of curves" . . . of 
performance . “each member with the 
same origin and apparently the same per- 
formance asymptote. Using accuracy of 
response as a criterion of learning, the groups 
are ranked with the one with greatest slope 

. and smallest intercept . . . to the one 
with the least slope and largest intercept 
[p. 413]" The problem that confronted 
Bilodeau in the interpretation of his data 
was that in his study the values of the slope 
and intercept constants varied inversely 
with one another. It was thus impossible 
to attribute particular learning effects to the 
variation of either slope or intercept constants. 

The main purpose of the present study, 
then, was to investigate further the rela- 
tionships between S's response and various 
parameters. of the transformation equations. 
By employing transformations with different 
slope direction (positive or negative sign) 
it was possible to have two groups with the 
same growth constant (absolute value of 


rhis is based on a thesi. s submitted to the Psycholog 
Pais bí Tulane University, in partial fulfillment 
Depar requirements for the MS degree, The author 
ut He express his indebtedness to E. A. Bilodeau, 
wishes and C. W. Mann for their advice during the 
Puurse of this study. — € Cincinnati 
con ow! at the University of Cincinnati, 


slope constant) and the same goal score. 
Such a set of transformations would yield 
pairs of groups equated for the value of 
growth constant but which varied in intercept 
value, Also, if true score were plotted on the 
and KR plotted on the y axis each pair 
of lines with the same growth constant would 
be symmetrical in terms of deviation from 
the goal along the y axis. Since all trans- 
formation lines intersect at a common goal 
score, the discrepancy between reported score 
and the goal score for any given response 
value (this affording the subjective estimate 
of error) was held constant for each pair of 
groups having the same absolute value of 
growth constant. 

Method.—The apparatus, instructions, and 
procedures in this study were the same as 
those described in Bilodeau (1953) except 
for the following modifications: 

1. There were 20 Ss in each group. They 
were undergraduate psychology students, 
and both males and females were used. 

2. All Ss were instructed to make six half 
turns on the first trial. 

3. Their target score was defined at 250. 

+. There were four experimental groups 
in this study, identified by sign of slope 
(P = positive, N = negative) and value of 
the growth constant. The four groups and 
their transformation equations were :* 


? The slope constant values were chosen from among 
those used by Bilod au (1953). Thus the two positive 
groups (P-12.5, P-75) are repeats of values he had 
Investigated with different intercept values. 
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Group 


lquation 


10425.X + 218.75 


) 
“72.5 H 
7 } 
H 


Results All scores were converted. into 
response-error scores by the formula F2 V 
—350. The mean absolute error for each 
group can be seen plotted as a function ef 
trials in Fig. 1. Tt can be seen from this 
figure that the functions obtained from the 
present study resemble members of Bilodeau's 
"family of curves.” These curves all show 
a general trend downward, though as ex- 
pected the two groups with negative slope 
transformations show an initial trend in an 
upward direction. The points of inflexion 
downward toward a reduction of error occur 
at Trial 2 for Group N-75, and Trial 3 for 
Group N-12.5. The groups with the positive 
slope transformations show marked su- 
periority in speed of attainment of the goal 
response. At Trial 2 the rank order of all 
groups is directly related to the size of the 
intercept constant and the groups were sig- 
nificantly different from each other (ruskal- 
Wallis Z7 = 57.80, p< .001). The two 
negative groups cross between Trial 2 and 
Trial 3 and throughout the remainder of 
practice both groups with slope 75 demon- 
strate performance superior to their respec- 
tive controls. By Trial 16 all groups except 


N-12 » 
N-12.5 seem to have reached the same level 
of performance. 


(1953) 


i , 
Bilodeau's suggestion that Ss 


200 


150 


100 


MEAN ABSOLUTE ERROR 


8 l2 l6 
TRIALS 


Fic. 1. Mean absolute error as a function of 
trials for all experimental groups. 
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initially respond as if there is a positive rela 
tionship between true score and KR is 
supported by the behavior of the negative 
transformation groups. These groups showed 
an initial increase in response error after 
Trial 1 (the first KR). The point of inflexion 
downward (toward decreased error) can be 
considered the average point at which the 
erroneous hypothesis was rejected. 

The standard deviations of the true-score 
values were examined. In general, all groups 
showed an initial marked increase in vari- 
ability followed by a general decr It 
may be noted that Bilodeau's finding, that 
the trial at which the point of maximum 
variability occurred is a function of experi- 
mental treatment, did not completely obtain 
here. The points of maximum variability 
for the two positive groups fell at Trial 3, for 
Group N-75 at Trial 5, and for Group N-12.5 
at Trial 14. 

Discussion.—Bilodeau (1953) has stated 
that the parameters and signs of the trans- 
formation equations deline the relative dif- 
ficulty of S's problem, Given that S responds 
initially as if he expects the relationship be- 
tween true score and reported score to be 
Y = 1.0 X + 0, the degree to which a given 
transformation deviates from Y = 1.0 X +0 
should define the difficulty of the problem. 
Since the value of the intercept constant 
varies directly as a function of the degree 
by which a line deviates from Y=1.0 X 4-0 
along the y axis (reported score), we should 
find that the difficulty presented by a trans- 
formation should vary initially as a function 
of the intercept constant, goal score held 
equal. This would seem to be supported 
by the data in Fig. 1 where mean absolute 
error on Trial 2 seems to be monotonically 
related to increases in the value of the inter- 
cept constant. In addition, the speed with 
which this hypothesis was rejected would 
vary as a function of the increment in re- 
ported score per unit response (slope con- 
stant). From Trial 3 on, one may suspect 
that some Ss have already rejected the 
"f the hypothesis being’ « Luncion of the 

g a function of the 


slope constant (the two negative 
cross). " aga 


The S's speed of acquisition of the goal 
response should be a function of his estimate 
of error. The S's estimate of error must be 
based on the discrepancy between his KR 
and the goal In the present study the 
groups with slope of 75 were the groups 
receiving KRs most removed from the goal 
score. A comparison of each of these groups 
with the 12.5 group having the same slope 
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formation equati 


hreton indicates that the speed of acquis 


tion js indeed related to the reported score Gav stad hy the dua al 
l Lg iva 
"WS t the line of reasoning suggested — 
by. Bilod 19553). a spread of scores 
mld indicate it of diferent His hi * ma 
wpothese- we being tried bv. the iilis : nr d 
sli . in the groups. He suggested that ish x 
i sith the ditteualty of 
ihe n trans R mij 18, Vous 
the 


SEN DIFFERENCES IN ADAPTATION OF THE GSR UNDER REPE 
APPLICATIONS OF A VISUAL SIMPLES 


H. D. KIMMEI ELLEN. RIMMEL 


f li 


8 men and 8 women came to the Laboratory on 3 


occasions, ] wk. apart, 
to receive 10 presentations of ax 


vel stimulus on cach occasion, The 
average GSR to the light showed an intrasession (but no intersession) 


adaptation effect for both sexes but this effect was almost gone for the 


males on the last session, In addition, the males made signtheantly 


larger GSRs than the women on all 3 sessions, especially on the last 
session. Tt was conjectured that the men became familiar with the 
procedure and anticipated the end of the 3rd ~ 
GSRs, but that the women did not. 


ion by making larger 


Kimmel (1964) recently reported data 


In general this thinking 


the present 


VEL 


on the magnitude of the GSR to a 
visual stimulus presented repeatedly in a 
single laboratory session. The present report 
extends the earlier procedure to one in which 
Ss returned to the laboratory on two later 
occasions, each 1 wk. apart, to receive further 
presentations of the same stimulus. In 
addition, a possible sex difference in GSK 
responsiveness was considered. 

Method.—Sixieen Ss, cight men and eight 
women, volunteered to come to the labora- 
tory for three separate sessions, cach ] wk. 
after the previous one. On each session Ss 
sat in an air-conditioned, sound-proof, 
double-wall LAC chamber for 20 min. without 
stimulation and then received 10 1-sec, 
presentations (intertrialinterval = 20-30 sec.) 

of a dim circular red light produced by a 
Grayson-Stadler multiple-stimulus projecior. 
‘The palmar GSR was picked up by zine-zine 
sulphate-saline electrodes, amplified by a 
Biophysical. Instruments Company (chopper 
pe) amplilier, and recorded on a Texas 
type ants Company Recti-Riter with a 
puma l of 12 in/min. All S had to do 

paper spec Av attention 

ax and pay attention. b 

F Figure 1 shows the average GSR 

of the males and females on 

10 trials on each s ssion. It is 
figure that adaptation (a drop 


was rel 
Results.— 
magnitude 
each of the 
clear in the 
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in average GSR magnitude) occurred on all 
three sessions for both sexes (but not from 
session to session), and on the third session. 
the males first dropped and then increased 
toward the end of the session, On all three 
sessions, the males made larger responses 
to the light than did the females, especially 
on the third session. Analysis of variance 
showed that the overall sex difference was 
significant, F (1, 14) 24.87, (error MS=.59), 
the Trials (adaptation within sessions) effect 
was significant, F (9, 126) 214.23, (error MS 
=.03), and the interaction of Trials X Sessions 
was significant, F (18, 252) 21.65, (error MS 
7.04. The last-mentioned effect, of course, 
reflected the fact that adaptation on the 
last session's trials was not nearly as notice- 
able it had been on the two previous 
á her the Trials, the Sessions, 
ls X Sessions effects interacted 
with Sex, although the data 
suggest a tendency in this direction. 
Discussion. 
confirm 


ons. 
nor the 
signifi 


-While these results generally 
the earlier conclusions regarding 
adaptation of the GSR to an innocuous 
sumulus, two additional observations are in 
order. First, inales respond at a higher level 
than females in this type of situation. ‘This 
finding is not unlike earlier observations of à 
REX difference. in GSR responsiveness (e.g 
Kimmel & Hill, 1961). Secondly, males 
tended to show less adaptation in later ses- 
sions, particularly on the last session, What 
this may have heen due to is not immediately 
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Vr d Mean GSR magnitude ot a visual 


apparent, but it may be conjectured that appear that further work on sex differences 


familiarity with the procedure, gained during in GSR responsiveness is necessary. 


Previous sessions, may have inclined the males REPEREXCES 
to anticipate the conclusi a the third ji p 
sessi ! P egarini i : . " Kame, H.D. Adaptation of the GSR under te 
RD and, thus, to become more responsive. applications of a visual stimulus. J. exp, Ps: 
- if this conjecture is feasible, however, e "PME ier 
it does ` i A í P A ei x nag. F, A. Two electrode 
Ds pa explain why only the males re- measures of response to. stress: dies oni 
cla ed in this way, other than that females Psychol., 1961, 54, 395-397. 
are less likely del cer 75 : 

ess likely to adjust in this wav. [Kt would (Received June 29, 1904) 
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COMPARISON OF PATRED-ASSOCIATE TRANSFER EFFECTS BETWEEN 
THE A-B, CA AND A-B; B-C PARADIGMS! 


L. R. GOULET? wp A. BARCLAY 


Saint Louis Un Suy 

Paired-associate (P). transfer effects were compared for the A-B, C-A 
and A-B, B-C paradigms, using infrequently printed English words to 
constitute the PA lists and a mised-list control (A-B, C-D paradigm) 
for nonspecitic transfer. Negative transfer was obtained under both 
paradigms, with the A-B, C-A paradigm resulting in significantly 
greater negative transfer (p. « 001) than the A-B, B-C paradigm. The 
results were in the same direction as those obtained by Murdock who 


found comparable (nonsignificant) negative transfer effects for the 2 


paradigms. 


i Hareum (1953), as well as Murdock (1958), ellects under the A-B, C-A and A-B, B-C 
Nyest; : [ i i ; 
Westigated paired-associate (PA) transfer paradigms. Mthough negative transfer was 


ol this research were supported by United obtained for both paradigms, Marcum found 


Mates d 37 i ( 

under qo mlie Health Service Grant MIL 0695701, greater negative transter for the A-B, B-C 
tN direction of the second author. radi ! 
NOS second au f g se re ` X 

Versi OV at the Institute of Human Learning, Uni paradigm tas compared to the A-B, C-A 


Y of Cali ; à 
f California, Berkeley. paradigm? while Murdock obtained opposite 


tn 
we 
[72 


results; i.e., greater negative transfer for 
the A-B, C-A paradigm. 

The presen experiment had hyo purposes: 
to replicate Murdock's experiment whic h 
used an appropriate control (A-B, C4 
paradigm nonspeciic transfer effects, 
using words (rather than nonsense syllables 
to constitute the PA lists, the conventional 
2:2-sec. rate of PA presentation, and a 
mixed-list control to increase the precision 
of measurement: and (b) to evaluate two 
different hypotheses regarding the magnitude 
of transfer to be expected between the 
paradigms. 2 Tm 

The first hypothesis concerns competition 
of List 1 backward (R-S) associations with 
List 2 forward (S-R) associations. The A-B, 
C-A and A-B, B-C paradigms form B-A, 
C-A and B-A, B-C relationships, respectively, 
when evaluated in terms of List 1 R-S and 
List 2 S-R associations. The B-A, B-C 
paradigm (or in conventional transfer ter- 
minology, A-B, A-C) uniformly leads to 
pronounced negative transfer, while the 
B-A, C-A relationship (conventionally, A-B, 
C-B) usually results in slight negative trans- 
fer or, in other instances, positive transfer. 
Thus, with the competition hypothesis, the 
A-B, B-C paradigm should show greater 
negative transfer than the A-B, C-A para- 
digm. Kausler and Kanoti (1963) have re- 
cently demonstrated that List 1 R-S associa- 
tions can compete or interfere with List 2 
acquisition under the A-B, C-B paradigm, 
thus providing indirect support for this 
hypothesis. 

The second hypothesis is related to stimulus 
familiarization (Schulz & Tucker, 1962). 
These authors have found that stimulus 
learning by overt articulation enhances sub- 
sequent PA acquisition, and, in the A-B, B-C 
paradigm, the B (List 2) stimuli have to be 
articulated and completely learned on List 1 
in that they serve as response termson this list, 
In the A-B, C-A paradigm, no List 2 stimulus 
familiarization is possible, Thus, this hy- 
pothesis would generate the opposite predic- 
tion of the first; i.e., greater negative transfer 
for the A-B, C-A paradigm than for the A-B, 
B-C paradigm. : 

Method.—A 2 X 2 “mixed” factorial design 


a) 


for 
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was used with transfer paradigms (A-B, C-A 
and A-B, B-C) as a "between" factor and a 
mixed-list control (A-B, C-D paradigm) as 
the “within” factor Iwenty general psy- 
chology students were randomly assigned to 
cach of the 


"between" treatments and learned 
two consecutive PA lists consisting of four 
experimental and four control . 
PA pairs consisted of infrequently printed 
English words previously used. by Horton 
and Kjeldergaard (1961), List construction 
was manipulated such that all pairs in List 
2 were used equally often in the experimental 
or control conditions and such that one half 
of the Ss assigned to each between treatment 
learned the same List 2, The lists were pre- 
sented on a Lafayette memory drum (three 
random orders) at a 2:2-sec, rate with a 6- 
sec. intertrial interval, L arning was carried 
to a criterion of three consecutive errorless 
trials for each list. 

Results and discussion.—List 2 perform- 
ance was analyzed with respect to the num- 
ber of correct anticipations on Trials 1-5 and 
also to the criterion of three perfect trials. 
Table 1 presents the mean correct anticipa- 
tions and the mean difference scores (E — e 
for each of the paradigms, The 2 X 2analysis 
involving correct anticipations revealed the 
experimental vs. control (E/C) main effect to 
be significant for both analyses, Fs (1, 38) 
= 17.15 and 22.83, b < 001, respectively, 
for the early and late criteria. 

Negative transfer occurred under both 
transfer paradigms; i.e., performance on the 
control lists (A-B, C.D) was better. The 
paradigms main effect did not approach sig- 
nificance (both Fs < 1), nor was there a 
Paradigms X E/C interaction in either analy- 
sis, F (1, 38) < Ig F (1, 38) = 2.07. 

Finally, analyses were performed to com- 
Pare the transfer effects between the A-B, 
C-A and A-B, B-C paradigms. Measures 
of transfer were obtained by subtracting 
A-B, C-D performance (correct anticipations) 
from the experimental (transfer) paradigm 
Performance for each S. Separate ¢ tests 
involving the mean difference scores (E—C) 
were performed comparing the A-B, C-A 
and A-B, B-C transfer effects at each List 2 


pairs. The 


Criterion. In each case, greater negative 
TABLE 1 
MEAN CORRECT ANTICIPATIONS ON List 2 ACROSS TRIALS 1-5 AND/TO COsipeE TC LEARNING 
sd mms TS A en ee MÀ 
ABCA | A-B, C-D i à R 
| -| A-B, B-C A-B, C-D Be . 
7 g — 
Trials I5 | oe | a 7.75 9.65 —1.90 
Complete | i i 
ee A RN NE... | 375 | aso —3.05 
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transter was observed under the A-B, C-A 
paradigm. The five-trial analysis yielded a 
t (38) = 1.45, p < 20 (sz = .55), while the 


fat the lite criterion was highly significant 
(f= 3.09, p < 01, sz = 1.02). 


Vhe comparisons of transfer effects. be- 


tween the A-B, C-A paradigms support 
the stimulus-familiarization hypothesis offered 
by Schulz and Tucker. [t may be argued, 
however, that another process may account 
for the present results. 
the competition of List 1 S-R with List 2 
R-S associations. When evaluated in this 
manner, the A-B, C-A and A-B, B-C para- 
digms yield A-B, A-C and A-B, C-B reli- 
tionships in terms of List 1 S-R and List 2 


Journal oj Experimental Psychology 
1965, Vol. 70, No. 5, 539-541 


This process involves 


associations, and, for the reasons discussed 

earlier in the paper, less negative transfer 

would be expected for the A-B, B-C paradigm. 
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DIFFERENTIAL ADAPTATION OF ANXIOUS AND NONANXIOUS CHILDRE 
IN INSTRUMENTAL ESCAPE CONDITIONING! 


RONALD K. PEN? 


University of Waterloo 


AND 


PAUL M. KIRWIN 


Austin State School 


A group of 24 anxious children and a group of 22 nonansxious children 
(determined by Sarason's anxiety scales) were administered 20 tones 


of 84 db. 


each from which they could escape by pulling a lever. 


iof 


each'group received adaptation training prior to this escape conditioning, 


i.e, were exposed to 15 tones of 5 sec. duration of 84 db. each. 


The 


other 3 of each group were not exposed to these tones (nonadapted 


groups). 


At the beginning of escape conditioning, the adapted group 


of nonanxious Ss exhibited slower mean lever response times than the 


nonadapted, nonanxious group. 


There were no differences in mean 


lever response times between adapted and nonadapted groups of 


anxious Ss, 


The — differential-adaptation hypothesis 
(Spence, 1956) assumes that high-anxious Ss 
adapt at a relatively slower rate to situatior 
containing a threat or some degree of noxious- 
ness in comparison to low-anxious Ss. As- 
suming the strength of the emotional response 
(re) is a determinant of drive strength and 
is reduced through adaptation training, the 
implication is that both high- and low- 
anxious Ss would experience a decrement in 
drive as a result of adaptation, but the high- 
anxious group would show less of a decrement 
than the low-anxious group. 

In applying this hypothesis to aversive 
Conditioning situatio: greater differences 
in the level of conditioning between high- 

IT wee iis faites E 
Nationa feret Mee biu Heat Grant M-121048 


he first author, . 

Brya Ne authors wish to express their thanks to R. M. 
School f rincipal of Walnut Creek Elementary 
for his cooperation in support of this research. 


and low-anxious groups would be expected 
when adaptation training preceded condi- 
tioning. That is, while the level of condi- 
tioning would be lower after adaptation for 
both groups, the difference between the 
groups would be greater after adaptation 
training with the high-anxious group showing 
less of a decrement in performance than the 
low-anxious group. 

MacDonald (1946) and Taylor (1956) have 
reported an adaptation effect in finger- 
retraction and eyelid-conditioning situations 
However, to date the interaction between 
adaptation and anxiety as suggested by the 
differential-adaptation hypothesis has 
been investigated. 

Method. —The lever apparatus consisted of 
a wooden box, which was painted gray. The 
facing panel sloped at an angle of 48° to the 
A lever, painted black, protruded 


not 


base. 
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through a slot in the facing panel and could 
be pulled downward and toward S through 
an excursion of Thin. A coil spring returned 
the lever to its starting position at the end of 

rial A handehaped, white, wood 
was located at the bortom right. 
the facing panel. The hand 
pattern Wits pliced over a plunger vpe 
microswitch such that when S removed his 


hand from the pattern, a Standard Electri 


timer was activate lhe timer was de- 
activated at the complet 
of the lever. l 
conjunction with two speakers to produce a 
2.000-cp- tone of 843 db. as measured bi 
General Radio sound-level meter held ar 
distance from the speakers at whieh maximum 
sound intensity was registered, 

irason's (1960) General Anxiety Seale for 
Children (GASC? and Test Anxiety Seale for 
Children (TASC) were administered to 170 
children in Grades 4 and 5. ‘The GASC 
and TASC scores for each S were combined 
and 24/55 who had GASC scores ranging from 
19 to 24, TASC scores from 11 
combined GASC and TASC 
to 59 were designated 


of the excur 


A tone generator was tse 


to 22, and 

scores from 35 

as a high-anxion- 

group. The low-anxious group was composed 
of 22 Ss who had GASC scores ranging from 
3 to 18, TASC scores from 0 to. 12, and 
summed GASC and TASC 
to 30. 

Half of the highsansious Ss and half of the 
low-ansious Ss (adaptation groups! 
viven 15 5-«ec, exposures to an 84-db. 
to permit adaptation to the tone prior tw 
¢scape-conditioning trials. The Ss in these 
adaptation groups. were individually 
facing the lever apparatus and we 
10 sit quieily and listen 
would follow. 
remained behind 
of S. 

The remaining high- and low-ansious Ss 
were not preexposed to the tone Prior to 
escape conditioning (nonadaptation groups). 
For the escape-conditioning phase, S was 
instructed to depress the white, wooden hand 
on the face of the apparatus until a sound 
was emitted after which he could depress the 
lever all the v y to the bottom with his right 
handi Depression, of the lever through jts 
full excursion terminated the tone, . 

During escape conditioning, 20 trials of the 
84-db. tone were administered to all Ss. The 
impe interval between trials was not constant 
lans varied with the maximum intertrial 
interval of 10 qm T 

Results and discussion. -The mean response 
E the four groups were arranged in 


scores from 6 


were 
Tone 


seated 
re instructed 
to the sounds that 
During the experiment, E 
a wooden screen to the right 


times for 


tive blocks of four trials cac An analysts ol 
d a simnincant 
triple inter- 

OOL, indicat- 
uid 


vari 


e of these data reves 
Vrials X Anxiety X Adaptation 


action, F:/4, 108: = 15 80, p - 


ing that the ditterence between adap 


nonadapted groups was a function of trials 
and anxiety Accordingly, two additional 
re conducted Phe tirst analysis 
the adapted and nonadapted groups 
of high«ansious Ss over the nve blocks of 
trials, This analysis yielded a signineant 
Vrials ettecs, F (4, 88) = 34.00, pe 001, The 
main 
betweer 


analyses 4 


compare 


1 for Adaptation and the interaction 
Adaptation amd Trials 
signineant, The semid analysis compared 
-adapted and nonadapted groups of low- 
snMeus Ss over the uve blocks of trials. 
Vhe Tril etteer, F4, 80:9 30,75, p« 001, 
ando rhe [rial X Adaptation 

F4; 800 = 473, p< 

phis signiteant 
theo low-anxious 


were not 


interaction. 


QOS were signineant- 
indicated that 
adapted group exhibited 
slower mean response times than the low- 
ansious, nonadapted group as a function 
of trials, When Cochran's approximate f 
test Was applied to the tive blocks of trials. 
it was found that for low-ansious Ss, the 
adapted group was slower in its mean response 
time over the tirst block of trials relative ARN 
theo nonadapted Kamp (12243, p.05. 
Vhese two groups did not differ a1 any of the 
other blocks of trials, 
Figure 1 presents the me 
times of 
of trials. 


interaction 


an total response 
the four groups for the first block 
M23 X 2 factorial analysis of vari- 
ance Was applied to these data, The inter- 
action between adaptation and anxiety was 
significant, F (1, 12) 24.19, p«.08. In test- 
ing for the simple effects, the only significant 


o—o Low Anxious 


e—a High Anxious 


Mean Response Time (First 4 Trials) 


ADAPT NON-ADAPT 


Fie. 4), 


] 7 i 
; Mean response times as a function | 9 
adaptation 


fadapt vs. nonadapt) and anxiety (high 
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ditttence pound was beiween the adapted 
and em groups ob low-anĘsious Ns, 
#(20) = 2.41, p < 05. The F for adapta- 
tion just fonra T reach signiticance, FEL 42 
= 3.84. pu. 

lhe dit ential ones S of high- and 
low-ansions Ss appears to be supported by 
the results of the socia study. Whereas 
the adapted group of lowsanvsious Ns condi- 
tioned more slowly than the nonadapted 
group at the beginning of training, no ditter- 
ences between adapted and nonadapted 
groups were found for high-ansious 5s. 
A question aris to why the adapted 
kroup of low-ansious Ss did not continue 
to condition more slowly beyond the first 
block of trials. Since the present study is one 
of the few studies to investigate the relation- 
ship between anxiety and adaptation, any 
explanation offered to account for this finding 
must be speculative. One explanation in- 
volves the assumption that the pekadundbip 
between the inferred emotional response (re 
and number of adaptation trials is c Eam ir. 
That is, after the present. ation of "a" noxious 


"oas 


S41 
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stimuli, z is gradually increased in strength 
again. lt seems reasonable to assume that 
the presentation of noxious stimuli may at 
nursi reduce rz, but beyond a certain number ot 
the accumulation of noxious stimuli 
mav heighten ©, due to the large number of 
previous presentations. Further investiga- 
tions will be needed to determine the rela- 
tionship between number of adaptation trials 
and performance in aversive-conditioning 
situations before inferences can be made 
concerning the relationship of re to number 
of adaptation trials. 


trials, 
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beginning with the first issue of Volume 69 and continuing through the re Miis 
of that volume and Volume 70 (1965), the titles and authors of accepted papers e 
be listed here following Supplementary Reports. j It is being supported in th " 
perimental basis by the APA Project on S ientitic Information Exchange in i 
chology, and at the end of the vear, the outcome of this trial will be exalaatud ane 
consideration given the advisability of continuing the listing. . 

This listing plus those published in the preceding 1965 issues are a portion ol the 
entire backlog of manuscripts accepted by this Journal. Such listing vill allow 
readers to become aware of research many months in advance of journal publication. 
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Human Heart-Rate Responses during Experimentally Induced Anxie 
on Acquisition: George E. Deane*: Department of Psycholog 
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Spatial Adaptation and Aftereffect with Optically Tr 
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Effects of CS and UCS Relationships on Electrodermal Response 
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DIFFERENTIAL COLOR 
MIXER 


The construction of this color mixer permits the ob- 
server to vary the proportions of two color discs while 
they are being rotated. It is a machine of high pre- 
cision which uses color discs made from standard 
color papers. Complicated fasteners for the discs 
are not required. The maximum diameter of the 
paper discs it will accommodate is 8". The total 
angular displacement of the two discs is approxi- 
mately 340 degrees. The scale which indicates this 
displacement is calibrated in 5 degree units. Settings 
on this scale can be estimated to one degree. 


Ralph Gerbranda Company 


Scientific Instruments 


8 Beck Road 


Tel. 648-6415 
Arlington, Mass. 02174 


Area Code 617 


NEW ... FROM 
SCIENTIFIC 
PROTOTYPE 


A LOW COST . HIGH PERFORMANCE 
FULL CAPABILITY - TWO CHANNEL 


TACHISTOSCOPE 


A new tool for the researcher, A two-channel Tachistoseope for use w here all the da 
ordinary features of the world reknown 3-channel Scientific Prototype GB REI SUA 
are not required. The 2-channel Model 800E, however, . . . nt a far lower Ju i 
offers all the accuracy, proven features, and the quality that made the Model GB fan 
Much of the design and capi 
information provided by res 


Thus the 


a 
ability of the Model 800E is based on the suggestions an 
earchers and teachers in the field. 


following is just a few oj the areas that can be investigated, 


BASIC VISUAL PSYCHOPHYSICS a. Area-time relation hips (Ricco's and Piper's laws) b. Er 
tensity-time relationships (Bloch's and Pieron's laws) c. Dark and Light Adaption d. Relative pu 
Absolute Brightness Thresholds e. Visual Acuity f. Broca-Sulzer Phenomenon. PERCEPTION -ü. a 
ceptual Defense b. Duration Thresholds for Symbols, Words, Numbers, etc. c. Figure-Ground Phenomen? 
d. Contour Perception e. Figural After-Effects 


FEATUR Accepts standard 4" x 5" 


stimulus cards or transparencies, e Electronic system contains 
two separate time internal generators. 


© Range 1.0 msec to 11 sec. in four overlapping direct Igni 
ranges, @ Accuracy guaranteed + 2% of a y setting. e@ Electronic intensity controls over approx 


imately 1 log unit. e Field locks allow direct operator intervention. without disturbing logic. e T 
provided to allow continuous alternating of fields, overlapping (competitive) exposures and the use e 
one field as a pre and post exposure adaption and fixation field, while other field is used for atime 
exposure. @ Blower cooled electronics for minimum temperature rise, maximum reliability. 9 Jac 
Provided for remote firing of unit. Complete logic control for each timer, plus inhibit logic, pu 
manual field lock switches, and a solid state pulse generator which may be controlled by remote switch 
closure, provide maximum flexibility. @ Two lamps per field rise and fall times guaranteed. under 


0.01 milliseconds, laminated front surface mirror, with magnesium fluoride anti-reflection back coating. 
Adjustable mirror mount for field alignment, four 


ja E n =. ot s 
internal masks with adjustable edges for stimulu: 
framing and elimination of internal cues, 


Only four vacuum tubes (lam| 
conductors, are silicon for maxi 
current reference powe 


D Switches), all 
mum reliability 
T supplies are regulated. 


power supply, logic, lamp current control and timer qus 
and negligible temperature dependence. Logic and lamp 


S 5 i age. 
Timing and lamp current are independent of line voltag 
Electronic intensity controls plus filter 


i holders for neutral 
(4" X 5"). Reversible holders for 4" 


X 5" stimulus cards, 
Special Features: High voltage interlock, Low nois 


T zi ae "ompact 
B BRE | 4 e forced ventilation, Fitted viewing hood, Compac 
self-contained construction, No inter-connecting cables required. 


density filters or transparent stimuli 


Priced $845, f.0.b., New York City, 


Delivery from stock. 
Lab Manual Available: Send $3 for “19 E 


*périments in Vision for 2-Channel shistoscope" 


SCIENTIFIC PROTOTYPE MFG., CORP. 


Behavior Analysis Apparatus . , . reed 6 ; es, pellet 
dispensers, soundproof chambers relay control equipment cages, 


» recorders, noise 


switches, digital test equipment and Speci 


615 W. 131st Street 


Telephone; 


generators, shock sources, timers, 
al systems, 


New York, New York 10027 
(212) 368-6000 


EMORY in 


REED RELAY EQUIPMENT 


The Scientific Prototype Reed Relay System of operant pro- 
gramming control equipment represents a new approach to the 
design & construction of relay equipment which is fully com- 
patible with and functionally equivalent to conventional 24 
VDC equipment. The new system provides higher operating 
speed, lower noise, longer life, simpler interconnection, greater 
flexibility and improved reliability at a competitive price. Input 
and output isolation, separate input and output spark suppression 
and a host of internal refinements provide o new high in con- 
venience and utility. 

The individual units are designed to clip mount on standard 
612" 24 to 28 VDC power rods. Each unit requires 1s, !á or 12 
the space provided on a single pair of bars. This system must be 
operated with the positive power supply lead attached to the 
top power rod of cach pair. A “lock-out” on cach unit will pre- 
vent operation if the polarity is reversed. Power supply voltage 
must be held to 24 to 28 VDC including ripple and transients. 
A momentary drop below 22 VDC may cause spurious “drop-out.” 
A momentary excursion above 30 VDC may cause damage to 
semiconductors and will void the warranty. Scientific Prototype 
reed relay power supplies are well regulated and provide current 
limiting plus overload "lock-out" for double short circuit pro- 
tection. 

All inputs and outputs are in the conventional form of switch 
closures to ground (— 24 VDC) except special outputs such as 
shock, audio signals, etc. All outputs are rated at 3 amps ex- 
cept for the stepper decade and a 2-pole, 33-position stepper 
(which are Automatic Electric type 40 steppers rated at 300 
milliamps interrupt, | amp carry), and the logic and cradle re- 
lays, binary relay and manual timer (rated at 5 amps). All solid 
state outputs are internally fused at 3 amps (make, break and 
carry, 24 to 28 VDC resistive or inductive). Inputs draw low cur- 
rent (30 to 100 milliamps typically) and are buffered by reed 
relays or transistors. 

Two types of inputs are used: “A.C.” (pulse coupled and "D.C." 
(direct coupled). An A.C. input responds to the onset or estab- 
lishment of an input; the continued presence of an input has no 
effect. A D.C. input responds to the presence of an input signal. 
The response continues for the entire duration of the input. 
Similarly, A.C. and D.C. outputs are used. A.C. outputs provide 
c pulse to signal the establishment of a particular condition. 
fu vu continued presence of the condition does not produce any 

rther output. A D.C. output signals the presence of a particular 
condition and continues as long as the condition persists. 

ere are two front panel connections for each input and out- 
put. One member of each pair is a conventional snap stud, to 
insure compatibility with existing relay equipment, the other is 
a color coded pin jack which accepts stackable patch cords. 
While snap leads may be used throughout the system, pin plugs 
provide a more durable and reliable interconnection system and 
the pin jacks themselves give visual indication of the function of 
the connection point. 

Operating speeds for reed relay units are conservatively given 
at 100 cps and 1000 cps for solid state units unless deliberately 
limited by filters as in a slo-make, slo-break relay, bounce filter, 
delay generator, etc. Units containing standard electro-mechani- 
cal devices such as Sodeco counters are limited by the operating 
characteristics of these devices. 
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DISCRIMINATED AVOIDANCE LEARNING AS À FUNCTION 
OF PARAMETERS OF DISCONTINUOUS SHOCK ! 


M. R- D'AMATO 


Rutgers University 
DONALD KELLER axp GERALD BIEDERMAN 


New York University 


The parameters of discontinuous shock, which has been shown to 
facilitate markedly discriminated bar-press avoidance learning in the 
rat, were investigated in a study in which 3 values of on time (.2, .5. 
and 1.0 sec.) were combined factorially with 3 values of off time (.5, 
1.0, and 2.0 sec.). It was concluded from the resulting data, as well 
as from other results, that the optimal values of discontinuous shock 
were 2 sec. off time and as brief an on timeas would guarantee receipt 
of shock during every on period. Percentage of escape responses ex- 
ecuted during off periods correlated highly with avoidance perform- 
ance (rho = .864); escape latency correlated less well (rho — .733). 
Fhe facilitory effect of discontinuous shock was ascribed primarily 


eR Serna generalization of the escape response to the preshock 
period. 


The inordinate difficulty often en- 
countered in obtaining discriminated 
avoidance learning in the bar press 
and related situations has posed 
practical and theoretical problems 
(eg, D'Amato & Schiff, 1964; 
Meyer, Cho, & Wesemann, 1960). 
On the one hand, the inability to 
obtain with rats consistent avoidance 
conditioning in these experimental 
Situations has deprived investigators 
9f an important research tool. On the 
theoretical side, there seems to be no 
Rtisfactory way of accounting for the 
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failure to learn a task which appears 
to be well within the behavioral 
capabilities of rats. 

Difficulty in acquiring a discrim- 
inated avoidance response is by no 
means restricted to the rat level. The 
failure rate in dogs can be quite high 
(e.g., Brush, 1957); and as Turner 
and Solomon (1962) have shown, 
failures to learn a discriminated avoid- 
ance task occur under certain 
cumstances even with human Ss. 
Recently we showed that discrim- 
inated avoidance learning could be 
facilitated markedly by employing as 
the unconditioned stimulus (US) a 


cir- 


2 


3 
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discontinuous, rather than the con- 
ventional continuous shock. ie. a 


shock having brief on times and [inser 
off periods (1) Amato, eller, NW 
DiCara. 1964). The hypothesis that 
led to the use of discontinuous shock 
was that S's failure to learn to avoid 


was due in part to inadequate general- 


ization of the escape response to the 
preshock period. Under usual train- 
ing procedures the escape response 
occurs in the presence of shock, whieh 
probably comprises the major stim- 
ulus component acting when the 
instrumental response is executed. If 
the escape response could be made to 
occur in the absence of shock—as is 
the case when 5 responds during an 
off period of discontinuous 
generalization to the preshoc 
should be facilitated, a 
borne out by our results. 

The major purpose of the present 
study was to investigate the effeets on 
avoidance performance of varying 
systematically the duration of 
periods and off periods. We also 
wished to determine whether, in 
accordance with our hypothesis 
close relationship would 
between the extent of the facilitating 
effects of discontinuous shock and the 
percentage of escape responses exc- 
cuted in off periods. 


shock 
period 
conjecture 


on 


a 
be obtained 


METHOD 


Subjects and apparatus.—The Ss were 102 
experimentally naive albino rats (50 males) 
drawn from litters bred in our laboratory; 
they were about 70-145 days of age at the 
start of the study. The apparatus consisted 
of two commercial Skinner boxes and asso- 
ciated programing Equipment, described in a 
previous report (D Amato et al., 1964), 

Design.— Three on times, oy and 1.0 
sec., were combined factorially with three off 
times, .5, 1.0, and 2.0 sec. In addition a group 
of 12 Ss. was run with continuous shock (0 sec. 
lf time). Originally there were 8 Ss in each 

he nine discontinuous shock groups, but 
i den to obtain additional data for the 
in à 
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three 15-0 iue eondten 4 replication 
euh of the three cells 
were no important 


is the data were 


Ss in the litter. three 


v bof training 40 avoid- 


gwen, Connu ous shock 
During these 


i : "s " 
hs Ss were shaped on the escape respons 


Il groups 


t reasonable degree ol 
delivered through 

Modet 11004) grit- 
wis mit. sett 
The C5 


from. 


acqired 
The 
#  Grason-Stadler 


shock, 


ding devie, usually (6 


4. for 


males; 
in illumination level 
HI teandles (fte) provided by sg 
ing the thr pilot lights on the front wall o 
the experimental chamber. The CS-US in- 
terval was 5 sec; and the intertrial interval: 
programed by a fili tape, averaged. about 
35 see. When S failed to avoid, ie., failed s 
respond during the CS-US interval, the US 
remained on unti 
which terminated CS and US, l 

On Day 2, 500 trials were administrere 
under the appropriate US condition. Wan 
the onset of the US a pulse of shock cor 
responding in duration with the on-time 
assignment wis delivered, followed by the 
appropriate off period, the evele being Te 
peated until S made the escape responses 
terminating both CS and US. Shock 
increased to .8 ina, for females and 1.0 oe 
for miles. Escape responses occurring during 
shock delivery or approximately .25 Aud 
after the termination of shock were ¢ Des 
as occurring during on periods; escape re- 
sponses not in this interval were recorded 25 
having fallen. in off periods, Escape an^ 
avoidance Tesponses were recorded on counter? 
in blocks of 25 trials. 


E E 
S made the escape respon 


was 


RESULTS AND DISCUSSION 


. The major dependent variable used 
in our analyses was the percentage vi 
avoidances achieved over the last 40€ 
trials of Day 2, a measure employe 
"previous studies, [n Vig. 1 group 
means based on iis measure are 
shown for the 10 groups of the exper” 
ment. Itis clear that with continuot? 


d ; 225 4p £0 
Phe shock intensities reported refer 


A 2 a ri d 
dial Settings on the shocker and probably at 
ps little higher than the actual values. C 
Annau & Kamin, 1961). 
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shock (0 sec. off time) only a very low 
level of avoidance responding is at- 
tained. An off period of .5 sec. is a 
little better than 0 off time, but the 
difference between the 
means (26.767. vs. 17.960) is far from 
Significant, ¢  .80. As off time is 
increased to 1.0 and 2.0 sec., avoid- 
, and 
at these off periods the potent effect 


respective 


ance performance also increases 


of on time becomes apparent. 

Analysis of variance showed off 

time to bea significant factor, F (2, 81) 

3.79, p < .05; neither on time nor 
the interaction reached conventional 
significance levels, 7 (2, 81) .79 and 
F(4, 81) = 1.31, respectively. The 
failure of on time to emerge as a 
Significant factor is largely due to the 
ineffectiveness of this variable at the 
5 sec. off time. With this value of 
Off time removed from the analysis, 
On time comes quite close to the .05 
level of significance, F (2, 81) 3.04. 

Two conclusions seem warranted 
from the data of Fig. 1. (a) With 
OW periods sufliciently long for on 
time to be an effective variable, the 
ME pe m time the higher the 
A on giae oo, M dl 
sec. would (anita inter iq ol 
fe fuerhar Ped * avoidance learn- 

S; ri US impression is 
consistent with data obtained by us 
with .15-sec. on periods, but there is a 
limit to which on time can be reduced 
while still guaranteeing that Ss re- 
ceive shock during each on period. 
(b) Off times as short as .5 sec. are 
little, if at all, better than continuous 
Shock, regardless of the on time 
*mploved. 

Since facilitation of avoidance per- 
O9rmance increases throughout the 
range of off times emploved in this ex- 
periment, the question arises whether 
wi tional enhancement would occur 
ty) Off periods longer than 2 


Ch SUC; 
€ ev; : 
*Vidence available to us seems to 


MEAN PER 


Fic. 1. Mean percentages of avoidance 
responses over the last 400 trials of Day 2 as 
a function of shock on and otf times. (Con- 
tinuous shock is represented as O sec. off 
time.) 


indicate not. Prior to the present 
experiment we ran a study comparing 
1-, 2-, and 4-sec. oif periods, on time 
being held constant at .15 sec. The 
onlv other procedural difference. be- 
tween the two studies was that a white 
noise, rather than a visual cue, served 
as the CS. The mean percentages of 
avoidances over the last 400 trials 
were, in. order, 69.0, 75.9, and 63.5 
CV = 8 per group). Though the 
differences between the groups are not 
significant, they suggest that some- 
thing in the order of 2 sec. might be 
the optimal off time. This conclusion 
is supported further by the fact that a 
trend analysis over the first 200 trials 
of Day 2 in blocks of 50 trials showed 
the linear component of the 2.sec. 
off time group to be steeper than that 
of the 4-sec. group (p = .05), 

On the basis of the above results, 
as well as from indications arising 
irom other data gathered by us, AA 
conclude provisionally that the 
timal parameters of 
shock are 2 
briefest 


op- 
discontinuous 
S990. off time and the 
possible on time that still 
assures receipt of shock during each 
on period. l 
Escape responses in off periods vs, 
latency as predictors of avoidance per- 


formance.—If, as we have maintained 
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discontinuous shock facilitates avoid- 
ance learning because escape re- 
sponses, often falling into off periods, 
are more likely to generalize to the 
preshock interval, there should be a 
close correspondence between avoid- 
ance performance and percentage of 
escape responses executed during off 
times. Consequently, for cach S we 
calculated over the first 100 trials of 
Day 2 the percentage of all escape 
responses that occurred during off 
periods. Actually, because we wished 
to exclude at least some of the re- 
spouses that were initiated during 
shock, we required that for an escape 
response to be classified as falling in 
an off period, it must occur no sooner 
than approximately .25 sec. after the 
termination of an on period. We 
chose the first 100 trials because this 
is the portion of training when the 
differences between the different USs 
seem to take hold and yet even in the 
best conditions Ss are still making a 
fair number of escape responses. The 
group means based on this measure 
are plotted in Fig. 2, and it is apparent 
that particularly for the 1.0- and 2.0- 
sec. off-time groups there is a good 
correspondence between the pattern 
displayed here and that of Fig. 1, A 
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MEAN LATENCY PER ESCAPE RESPONSE 


2 Or cont 
LI 
T 
e c 
tye ist 
hic. 3. Mean latency per escape response 


over the nrst 100 trials of Day 2 as a fongur 
of shock on and off times. (Continuous shock 
is represented as 0 sec. off time.) 


rank-order correlation based on all 10 
groups yields a rho of .864 (t = 4.85. 
p «.002). 

An alternative explanation of the 
facilitating effects. of discontinuous 
shock may be derived from the notion 
of response "reflexiveness" advanced 
by Turner and Solomon (1962), ONG 
of the very few formulations speci- 
fically designed to account for failures 
of avoidance learning as well as for 
successes. Very briefly their view ÍS 
that the more reflexive a response 
chosen for avoidance conditioning, the 
poorer the avoidance learning. One 
important criterion of reflexiveness iS 
response latency. The “same” re- 
sponse environmentally defined—e.£^ 
bar pressing—can differ in reflexive- 
ness if its latency is by some means 
manipulated, as, e.g., by varying the 
intensity of the US (Turner 8 
Solomon, 1962, p. 2). If it is permis- 
sible to apply their theory to the 
Present situation, the degree of re- 
flexiveness of the instrumental SA 
Sponse will vary from one US condi- 
tion to another since, in general, 
escape latency will be a function of o” 
and off times. 

In order to evaluate this approach" 
we calculated for each S the average 
atency per escape response for the 
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hrst Fhe 10 


measure 


O trials ef Day 2. 
group means based on this 
are presented in F 
general correspondence between these 
scores and avoidance behavior (Fig. 


3. There is a 


1), though perhaps not as close as was 
observed for responses in off periods. 
Rho turns out in the present case to 
3.05, p < .02), so that 
latency is not quite as good a pre- 
dictor of avoidance performance as 
escapes in off periods. 


be .733 U = 


Further evidence that responses in 
off periods is the better predictor of 
avoidance performance is provided by 
the results of the study in which off 
time was carried to 4 sec. It will be 
recalled that the 2-sec. off-time group 
averaged more avoidance responses 
over the last 400 trials than the 4-sec. 
off-time group, 75.9 ; vs. 63.5%. Al- 
though an added opportunity for re- 
sponding in olT periods existed for the 


4-sec. group, it turns out the 2-sec. 
off-time group averaged the greater 
number of escape responses in off 
periods, 61€; vs, 48 ,. In terms of 
b 4 measure, however, the 

me group had a lower 


average latency than the 4-sec. group, 
5.16 vs. 5.57 see, 


Faken together, then, the present re- 
sults lend support to our view that the 
facilitating effect of discontinuous shock 
is attributable to enhanced generalization 
of the escape response to the preshock 
period. As to the means by which the 
increased generalization is mediated, two 
different mechanisms seem to be in- 
volved. The first, and probably the 
most important of the two, has to do 
With the instrumental response itself. 
With optimal discontinuous shock the 
scape response quickly develops into a 
Vell-organized response sequence, closely 
resembling the avoidance behavior to 
qun it eventually gives rise. With con- 

uous shock, on the other hand, even at 

"© moderate shock levels employed in 


our experiments the escape response often 
takes the form of a quick, sometimes 
frenzied, lunging at the bar, a response 
sequence quite unlikely to generalize 
directly to the CS alone. Sometimes 
such escape responses do generalize to the 
preshock period, and it is a compelling 
sight to see an animal, duplicating his 
response to the US, leap toward the bar 
at the onset of the C But such avoid- 
ance behavior is effortful, inefficient, 
and unstable; and S either soon stops 
avoiding or develops a more efficient 
avoidance response. 

The second mechanism, more motiva- 
tional in nature, is conditioned suppres- 
sion—the evocation in S by the CS 
(owing to its association with shock) of 
a posture of crouching and freezing that 


effectively inhibits a wide range of 
instrumental behavior. Other things 


equal, conditioned suppression very prob- 
ably develops to a much greater degree 
when continuous, rather than discon- 
tinuous, shock serves as the US. The 
basis of this presumed difference might 
simply reside in a difference between the 
aversiveness of the two types of shock, 
a possibility which fits in with the fact 
that the conditioned emotional response 
has been found to be directly related to 
shock intensity (Annau & Kamin, 1961). 
Though we do not as yet have direct 
support for the preceding hypothesis, 
evidence of an indirect nature exists 
(Biederman, D'Amato, & Keller, 1964). 

Whatever the bases of their effective- 
ness turn out to be, there can be no 
doubt that the parameters of discontinu- 
ous shock comprise an extremely pote 
pair of relevant variables in the 
criminated bar-press avoidance 
tion. 


nt 
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n pairs in a mediation paradigm 
r > items between the 3 presenta- 
B-A f mediated 
but not with distributed practice 
the acquisition pairs were used. 


Some evidence « 


ill levels of distribution with more 
lability. (difference between 


atv. 
z and a chance expectation) was 
practice of the acquisition pairs. 


manipulated variables. 


of three presentations of the first 
acquisition pair, B-C, and of the 


three presentations ol the second 
acquisition pair, B-A- The same 
was followed with the 


procedure 
first two stages of the control para- 
din N-C atid! B-X The effect of 
distributed practice upon mediated 
facilitation was assessed by coni 
the performance on the test 


paring 
presenta- 


trials following mediation 


tion, VC. with the performance 
following control presentation, also 
AC. The role of response avail- 


ability. was inferred from the degree 
the selections of the critical 
test trials following 
differed. from a 


to which 
response On the 
control presentation 
chance expectation. 
in Exp. | 
to test the 
B-C and 


The paradigm used 


incorporated "cue trials” 


diate retention of the 


imme 

the B-.\ acquisition pairs. A cue trial 
presented the stimulus alone im- 
mediately after the stimulus-response 
pair—a prompting” procedure. It 
was possible, under the conditions 
of Exp. l, that the associations 


necessary for a mediating response 
d for the intervals 


were not retaine 
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between the separated. repetitions ot 
the acquisition pairs with distributed 
practice and hence were not available 
to mediate behavior on the test trials. 
To provide a more stringent test ol 
the retention of the acquisition pairs 
the cue-trial procedure was reversed 
in Exp. II so that the stimulus alone 
preceded the stimulus-response pair- — 
the more usual anticipation tech- 
nique. The reversed order was used 
for the second and third repetitions 
of the acquisition pairs. The initial 
presentation of the pair was followed 
by the cue trial, as in Exp. 1. 


METHOD 


Learning materials. Consonant-vowel-con- 
sonant trigrams, CVCs, of 87-1009% asso- 
ciation value (Underwood & Schulz, 1960 
were used to construct mediation sets. A 
mediation set began with the first-stage 
presentation of a pair of CVCs, B- Stimu- 
lus B was then shown again as a cue trial 
to test retention of the previously presented 
pair and S was instructed to read off the 
stimulus and to give the response which had 
been paired with it on the previous presenta- 
tion. The first acquisition pair and its cue 
trial were presented three times before the 
second acquisition pair was shown. The 
second acquisition pair consisted of the 
stimulus from the first pair, B, and 
CVC response term, A. The cue trial, B, 
followed. The second acquisition pair and 
its cue trial were shown three times before 
the test trial was presented, The test trial 
was always shown immediately after the third 
presentation of the second acquisition pair 
and its cue trial. In the test trial, the re- 
sponse term from the second Pair, 
presented as the stimulus for the r 
term from the first pair, C, and two addi- 
tional response alternatives, D and E, The 
Ss were instructed to verbally pair each of 
the response trigrams Successively with the 
stimulus trigram A and then to select the 
response alternative Gie., © D, or E) which 
made the “best pair” with Stimulus A. A 
control set was prepared for each mediation 
set by substituting a new extraneous trigram 
for Stimulus B in ated es pair, X-C, 
roviding a pool of 36 mediation and their 

rol sets. 
M he C trigram appeared equally often 


another 


; Was 
ponse 


in the first, second, or third position among 
the response alternatives on the test trials. 
lo equate frequency of experience with cach 
of the test-trial alternatives over the entire 
experiment, the D and E trigrams for à 
particular set were trigrams used as the € 
trigrams in other sets. : 

Separation of the three presentations of 
the acquisition-stage pairs Was manipulated 
by inserting pairs and their cue trials from 
other s filler pairs and filler-pair cue 
trials, or test trials from other sets. With 
à separation interval of 1 (SI, the three 
presentations of cach acquisition-stage pair 
were shown consecutively. With a s paration 
interval of 3 (Slp), the three presentations 
of the acquisition-stage pairs for a particular 
set were separated by the display of two 
pairs and cue trials which were from other 
sets or were fillers, With a separation inter- 
val of 6 (SIs), five pairs and cue trials inter- 
vened between repetitions of the acquisition 
pairs for a particular set. The filler pairs 
were CVCs that were not used in constructing 
the pool of mediation and control sets. 

The three separation intervals (1, 3, or 0! 
were combined factorially with the type 9f 
presentation (mediation or control) for 
each list. The resulting six cells were each 
represented six times among the 36 sets 
assigned to a particular list, Six lists were 
constructed so that over the entire experiment 
the 36 sets represented cach of the six cells 
equally often. i 

All learning materials were stamped 1n 
capital letters on 4 X 6 in. index cards. For 
test-trial cards, Stimulus A was printed above 
the row of three response alternatives f 

Experiment II used the same six lists P 
materials prepared for Exp. I. The only 
difference was that the second and_ third 
Presentation of the acquisition pairs and thet 
cue trials were reversed so that the cue tria 
preceded the pair. Similarly, the second an 
third repetitions of the second acquisition 
pairs were reversed. The first presentation 
of a pair was always followed by the cue 
‘vial, 

Subjects—The 24 introductory psychology 
students at Indiana University who p 
ticipated in Exp. I were assigned randomly 
to the six lists with the restriction that @ 
Six lists be used before a list was repeats 
The same restriction was imposed on bets 
assignment of the 36 Ss from the sa" 
source who participated in Exp. II. dif- 

Procedure.— Three practice sets using 4 
ferent components in all positions were som 
efore the 36 experimental sets, On all set? 


Ss read aloud the letters of the trigram*? 
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On cue trials, they were instructed to respond 
with the missing member of the pair. If 5 
erred on the cue trial, the pair was presented 
again, then the cue trial was shown, etc., 
until 5 responded correctly. During the test 
trials, S successively paired each of the re- 
sponse alternatives with the stimulus and 
then selected the response which made the 
"best pair’ with the stimulus. 


Experiment I—The six lists did not 
produce reliable differences in the 
mean numbers of selections of C 
on the test trials nor did the lists 
interact significantly with either the 
separation intervals or the type of 
presentation. The mean numbers of 
selection of C on test trials following 
both mediation and control presenta- 
tion decreased as the separation 
intervals were increased, F (2, 36) 
= 14.92, p < .01, as shown in Fig. 1. 
In addition, more C alternatives were 
selected following mediation presen- 
tation than following control presen- 
tation (mediated facilitation) but the 
difference was short of statistical sig- 
nificance, P (1, 18) = 3.21, p > .05. 
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Fig. 1. Mean number of selections of C 


on the test trials: Exp. I. 


As suggested by the profiles in Fig. 1, 
reliable evidence of mediated facili- 
tation was found with massed pres- 
entation, / (36) — 1.98, p « .05, but 
not with either level of distributed 
practice. The / tests were computed 
using the residual error term with 
df — 36. 

The linear trend of the profiles in 
Vig. 1 had a slope significantly dif- 
ferent from zero, F (2, 36) = 15.58, 
p < 01, but the slopes of the linear 
trends for the two types of presenta- 
tion did not differ appreciably, F «1. 
The quadratic trends were not re- 
liable. 

Response availability was assessed 
by subtracting the number of C selec- 
tions on the test trials expected if all 
three alternatives were equally likely 
from the number of selections of C 
actually made on test trials following 
control presentation. Reliable evi- 
dence of response availability was 
found at all levels of distribution of 
practice of the acquisition-stage pairs 
(the ¢ for the separation interval with 
the smallest difference from the ex- 
pected value, Sle, was 1.93, df = 23). 
The reduction in the index of response 
availability as the distribution of prac- 
tice of the acquisition-stage pairs in- 
creased was also reliable. 

A grand total of 72 errors was made 
on the cue trials. Because of the in- 
frequency of the errors in Exp. I no 
systematic consideration was given. 

Experiment II.—Yhe mean num- 
bers of selections of C associated with 
the six lists did not differ significantly. 
The mean numbers of selections of C 
on test trials following mediation 
presentation with one, three, and six 
separation intervals and the cor- 
responding means following control 
presentation. are shown in Fig. 2. 
Increases in the distribution of prac- 
tice of the acquisition stages were 
inversely related to the mean numbers 
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^a 
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Fic. 2. Mean number of selections of 


C on the test trials: Exp. I. 


of selections of C on the test trials, 
replicating the results of Exp. Iy 
F (2, 60) — 12.82, p< Ol. How- 
ever, in Exp. II, mediated facilitation 
was found with all levels of distribu- 
tion of practice, F (1, 30) = 14.40, 
b «€ .01, and was independent 
tribution of practice. 

comparisons of the tvpe 
tion were 9.48, 12.42, 9.4 
tion intervals of 1, 3, and 6, respec- 
tively. With df = 60, the p's < 01. 
These relationships are shown dis- 
tinctly im Fig. 2. Tests for trend 
substantiated the above results: The 
linear slope of the two types of pre 
tation combined differed from 
F (2, 60) = 1857, p< 01, 
linear trends of the two types of 
presentation. evaluated. separately 
must be considered essentially parallel, 
fei. Quadratic components 

ivible. 

m availability decreased re- 
liably as the separation intervals 
"ncreased for all three separation 
IERS ilar to the Exp. | 
intervals, simular TM 


4 dis- 
The t's for 
of presenta- 
8 for separa- 


sen- 
Zero, 
but the 


were 


MARGARET JEAN PETERSON AND SARAH M. JAMISON 


results. The ¢ (35) for the difference 
between estimates of response avail- 
ability with separation intervals of 
i and 6 Was 3.23, p. « 01, 

The cue-trial technique 
employed in Exp. HH produced many 
errors. than found with 
Exp. E. The for Exp. II 
totaled 2,202, 1,891 


omissions (no response given. to the 


changed 
more were 
CTrors 


consisting of 


cuc), 84 previous responses (responses 
which were appropriate to sets ps 
than the one being tested), and 227 


intrusions (the responses correct [ot 


the first acquisition-stave pair of the 


set tested, C, were substituted for the 
second. acquisition-stage responses el 
the same set, A) The relative fre- 
quencies of the errors associated with 
type of presentation, separation inter- 
val, test-trial selection, acquisition 
stage, and blocks of 12 sets appear 
in Table 1, 

The error data were expected w 
yield. information about a number of 
relationships. The effects of type ol 
presentation and separation interval 
were investigated first. Secondly, 
the errors associated with mediation- 
presentation whose test trials 
terminated with the selection of ( 
were compared. with the relative 
errors on mediation-presentation sets 
whose test trials ended with the 
choice of an alternative other than C- 
Presumably, mediation (plus response 
availability) occurred if C was selected 
following mediation presentation and 
did not occur if C was not selected 
following mediation presentation. The 
Same analysis was performed on the 
control-presentation sets since rë- 
Sponse availability was assumed to 
operate if C was selected and to be 
inoperative if C was not selected. A 
third evaluation considered the pos- 
sibilities of transfer effects both De- 
tween and within sets. 

lhe relative frequency of omissions 


sets 
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on mediation-presentation sets was 
.70 and on control-presentation sets 
was .76, a nonsignificant difference. 
The values corresponding to separa- 
tion intervals of 1, 3, and 6 were 
06, .86, and 1.66, respectively. The 
sign tests conducted on these data 
because of the many zero frequencies 
for the single separation-interval con- 
ditions indicated that all of the dif- 
ferences were significant at the .001 
level. The reliable trend for 
omissions to increase with increased 
separation intervals was also observed 
when mediation and control sets were 
evaluated separately. 

The second group of comparisons 
involved the omissions associated with 
the selection or nonscelection of C on 
the test trials. Type of presentation 
interacted with test-trial behavior: 
mediation-presentation sets which ter- 
minated with the selection of C on 
their test trials yielded reliably fewer 
omissions, .68, than the mediation 
sets which ended with the choice of 
another alternative, .84 (sign test 
p = .004). Thus, fewer omissions 
were made on the mediation sets 
which showed facilitation. A Spear- 
man rank-order correlation coefficient 
computed using the customary meas- 
ure of mediated facilitation (the dif- 
ference between critical responses on 
test trials following mediation and 
following control presentation) and 
the relative frequencies of omissions 
was —.36 (34), .05 > p > .02. How- 
ever, the omission rate was not related 
to the test-trial behavior following 
control presentation sets—the relative 
frequencies of omissions for the con- 
trol-presentation sets which did, or 
did not, terminate with the test-trial 
selection of C were .76 and .74, sign 
test p > -05 and p (34) between 
missions and the measure of response 
^ vailability was -47, po 05. 

í The third set of questions to be 


same 
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asked of the error data dealt with 
transfer effects. First, the possibili- 
ties of facilitory or inhibitory effects 
which extended over the experimental 
session were investigated by dividing 
the 36 sets into three blocks of 12 sets 
each. As Table 1 shows, a slight 
facilitory effect appeared to operate 
over the blocks of sets, i.e., omissions 
diminished over the experimental 
session except for the control-presen- 
tation sets whose test trials did not 


end with the selection of C. The 
second transfer effect, a within-set 
comparison, considered the likeli- 


hood that the frequencies of omissions 
on the first acquisition-stage cue 
trials might differ from the frequency 
of omission on the second acquisition- 
stage cue trials. And, indeed, fewer 
omissions were made on the second 
acquisition stage, particularly for the 
mediation-presentation sets whose test 
trials terminated with the selection of 
C (first stage = .79 and second stage 
= 447). Thus both the within-set 
and the between-set transfer effects 
were positive when omissions were 
scored. 

The analyses of the previous re- 
sponses showed some of the same 
trends: a tendency to increase with 


increases in the separation intervals 


and a tendency for more previous 
responses to be given during the first 
acquisition stage than the second 
acquisition stage. Initially the media- 
tion-presentation sets which ende 
with the selection of C on the test 
trials produced more previous re- 
sponses with separation intervals © 
6 than with the other conditions but 
the frequency of previous responses 
dropped to about the same or slightly 
lower level than the other groups 
for later blocks of sets. The p's (34) 
for previous responses with mediated 
facilitation and response availability 
were —.13, p > .05; and .01, p > .05- 
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Lhe third category of errors, the 
intrusions, was the most interesting 
was expected to yield 
proactive inter- 
interference 


because it 
Information about 
terence. It 


Operated, the response from the fürsi 


prow tive 


acquisition pair would be given more 
frequently on the cue trials. testing 
retention of the second acquisition 
pair with mediation presentation than 
with control presentation, The fre- 
quency of intrusions with mediation 
presentation reliably ex- 
ceeded the intrusions for control 
presentation sets, .O1, sign test p = .006. 

Somewhat fewer intrusions occurred 
with mediation-presentation sets that 
ended with the test-trial choice of C, 
05, than with mediation-presenta- 
tion sets that did not, .08. The 
intrusions for mediation-presentation 
sets which terminated with the test- 
trial selection of C remained at about 
the same level for the three separation 
intervals. (Sl;=.04, Sl;—.07, and 
SI,2.04) and decreased over the 
three blocks of sets (Sets 1-12 =.08; 
Sets 13-242.04; Sets 25-36 —.04). 
The intrusions for mediation-presen- 
tation sets which terminated with the 
choice of another alternative increased 
over the separation intervals (SI; =.03, 
SI4—.06, and SI;—.11) and remained 
at approximately the same level over 
the three blocks of sets (Sets 1-12 
=,08, Sets 13-24=.06, Sets 25-36 
=,09). Intrusions occurred infre- 
quently with the control-presentation 


sets, .07, 


sets. 
DISCUSSION 


Distribution of practice of the repeti- 
tions of acquisition pairs reduced re- 
sponse availability in both experiments. 
This result was consistent with previous 
Work (Peterson etal., 1964) which showed 
that response availability was inversely 
Telated to the temporal interval existing 

tween presentation of the C syllable 


Un 
Un" 
Jm 


during acquisition and its appearance on 
the test trial. In the present experiments 
this interval increased with the separa- 
tion interval, thus reducing response a- 
vailability. 

The relationship between distribution 
of acquisition-pair practice and mediated 
facilitation was more complicated. The 
mean numbers of C alternatives chosen 
following mediation presentation de- 
creased as distribution of practice of 
the acquisition pairs increased in both 
experiments. However, as depicted in 
Fig. 1 and 2, this measure was assumed 
to reflect the operation of two factors, 
mediated facilitation and response avail- 
ability. When the contribution of 
response availability was removed by 
subtracting the mean numbers of selec- 
tions of C following control presentation, 
mediated facilitation was inversely rc- 
lated to distribution of practice in Exp. I 
but in Exp. ll, with an anticipation 
technique used to test retention of the 
second and third presentations of the 
acquisition pairs and with more Ss per 
cell, mediated facilitation was unrelated 
to the distribution of acquisition-pair 
practice. 

The differences between the estimates 
of mediated facilitation yielded by the 
two experiments might have been pro- 
duced by a number of factors. The 
larger number of Ss in Exp. II probably 
stabilized the observations somewhat, 
but this factor could not reasonably be 
invoked to explain the differences. An- 
other possibility was that the slopes 
of the curves for the control conditions 
differed. Consequently, a ¢ test was 
computed comparing the number of C 
selections made with a separation inter- 
val of 1 minus the C selections with a 
separation interval of 6 following control 
presentation for Exp. I with the same 
difference measure for Exp. I. The 
resulting value, ¢ (58) = .58, p > .05, 
indicated that the overall slopes for the 
control conditions were not significantly 
different. A third candidate for ex- 
plaining the diverse results of the two 
experiments was the retention-technique 
variation, 
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Some Fg Hawkins, £961; Peter 
«on & Brewer, 1963) have reported that 
procedures similar to prompting tended 
to. facilitate learning more than anticipa- 
tion procedures, particularly during early 
trials. While gross differences in learn- 
ing materials and methodology rende red 
largely inapplicable to 
the present extension of their 
results would predict lesser amounts of 
mediated facilitation with Exp. H rather 
than the greater amounts actually ob- 


their conclusions 
cast, 


tained. 

Obviously, a analytical com- 
parison of the retention techniques was 
needed. When the temporal intervals 
elapsing between the presentations of a 
pair and its retention test were con- 
sidered, striking differences emerged 
which were compounded by interactions 
with the separation intervals. When- 
ever the prompting method was used, 
the retention interval was approximately 
2 sec., regardless of the separation inter- 
val assigned. Thus, the prompting 
method tested an immediate association, 
well within the customary limits of the 
immediate memory span, but did not 
necessarily provide evidence of a more 
lasting association. When S responded 
correctly on the cue trials of Exp. I, 
he demonstrated retention of the re- 
sponse for about 2 sec. and the experi- 
mental procedure was then resumed with 
the assumption that 5S had learned the 
association. The data suggested that S 
had learned the associations —to the 
extent that test-trial behavior was suc- 
cessfully mediated but only when the 
intervals between presentations of the 
components of a set were approximately 
2sec. These results were consonant with 
those of an carlier study (Peterson, 1965) 
which obtained mediated | facilitation 
only when the intervals separating the 
first from the second acquisition pair 
and the second acquisition pair from the 
test trial did not exceed 2 see. (with 
CVCs as the learning material How- 
: in that study cach acquisition pair 


more 


ewer, e 
'n once. 
vas show i aes 
y Ts Exp II, with the anticipation 
1 xp. " : 
. > retention intervals were 
ue, the re 
techniq 


oximately 2, 18. and 45 scc. with 
appr )^ « 2 


PETERSON 


YND SAR MH. N E NMISON 


separation intervals of 1, 3, and O 
The longer separation intervals vielded 
inform. about 
ociation for at le 
have In 


tie the retention of the 


t 18 or 45 sec.— 


somewhat 


testing 
retention process. 
suggested that some 
retention 
are tested that 


different i 
Peterson 
components 


pects of t 
1963) 

may 
intervals of up to 2 sec. 
are no longer present later in the reten- 
tion interval. In Exp. IL we assumed 
that if S retained the pair for the tested 
interval the acquisition stages 
he was more likely to retain the patr 
until the test trial. Support. for this 
assumption was provided by Peterson. 
Saltzman, Hillner, and Land (1962) who 
showed that the longer the retention 
interval preceding a first test. (up to 8- 
sec. intervals were tested) the greater 
the probability that the item would be 
retained on a second test. Thus it was 
not surprising that mediated facilitation 
was found at all levels of distributed 
practice when longer retention intervals 
werc interspersed among the presentit- 
tions of Exp. IH. 


cuc when 


during 


In both experiments, pairs were re- 
shown if S erred on the cue trial. One 
cHeet of the stipulation that all cuc 
trials end with a correct response was 
that the more stringent retention tests 
of Exp. IE resulted in more errors and, 
consequently, in more frequent exposures 
of the acquisition pairs than was the 
case for Exp. I. Thus more associations 
may have been learned in Exp- 1 
through incremental strengthening of 
the associations during their more fre- 
quent exposures. Alternatively, more 
associations may have been learned 
because more opportunities for learning 
the pairs in an all-or-none fashion at- 
tended the additional exposures. The 
fact that mediated facilitation did 7! 
increase with the number of errors 0n 


the cue trials suggested discrete rather 
than incremental strengthening of the 
acquisition pairs. 

When three categories of errors were 


ired 
* On the average, about 9 sec. were required 


E 5 to respond to the presentation of a pall 
and its cue trial. 


fo 
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considered it became obvious that omis 


stons and showed 
positive transfer from the cue trials test 
Ing the fi 


for the mediation-presentation sets whit 


previous responses 


acquisition pair, particularly 


showed facilitation by the selection of € 
on the test trials, Omissions increased 
as the separation intervals inereased for 
all conditions. 

The positive transfer retlected by the 


omissions and previous responses was 


not observed with the intrusions. In- 
Stead, intrusions were more frequent 
With mediation sets than with control 


sets, demonstrating the proactive inter- 
ference predicted by Jenkins (1903). 
Phe mediation which evidenced 
facilitation by termination the 
selection. of € on the were 
associated with fewer than 
the mediation-presentation sets which 
did not end with the selection of C. The 
question was Why? 

The possibility that formal similarity 
among the nine letters comprising the 
three CVCs of a mediation set might 
have fostered proactive interference for 
Some of the mediation sets and not for 
Others was examined by comparing the 
relative frequency of selection. of € on 
the test trials associated with the two 
Sets for which there were two duplica- 
tions CY = 13.50), the nine sets with 
One duplication (X = 13.22), and. the 
25 sets with zero duplications (X 
— 12.93). These values negated the 
possibility that letter overlap was asso- 
ciated with reduced frequencies of the 
selection of C following mediation pres- 
entation. 

Differences in the the 
second acquisition-stage pairs associated 
with the mediation-presentation sets 
that demonstrated facilitation and those 
that did not were investigated by 
computing the relative frequencies of 
sets with no errors committed on the 
three presentations of the second acqui- 
Sition-stage pairs. For the distributed- 
Practice conditions a pair had to be 
retained for at least 18 or 45 sec. and be 
Siven correctly to the three cues for theset 
to be tallied. The relative frequencies 
of errorless second-stage acquisition sets 


sets 
with 

trial 

intrusions 


test 


retention of 
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tor mediation-presentation sets followed 
by the selection of C on the test trials 
were 91, 223, and .20 for separation 
intervals of 1. 3, and 6. The correspond- 
ing frequencies for mediation-presenta- 
tion sets which did not terminate with 


the selection. of C were .74, .13, and 
06. The second-stage acquisition pairs 
of the mediation sets demonstrating 


facilitation were retained more often 
than the second-stage acquisition pairs 
of the mediation sets not demonstrating 
facilitation for all separation intervals. 
The ditferences between the two groups 
of mediation were evaluated at 
each separation interval using 
tests, all p's < .01, supporting the earlier 


contention that pairs which were learned 


sets 


sign 


so that they were retained after periods 
of time were more likely to successfully 
mediate test-trial behavior than the 
associations which not (at least 
demonstrably) retained. 

Returning to Underwood and Schulz's 
(19601) statement that distribution. of 
practice might facilitate learning when 
some interference existed in the re- 
sponse-learning phase, the data of the 


were 


present experiments demonstrated that 
in spite of the transfer effects which 
were shown by the response members 
of the acquisition-stage pairs mediated 
facilitation was hindered by distributed 
practice of the acquisition-stage pairs 
in Exp. I, and was apparently inde- 
pendent of distributed practice in Exp. 
II. These results were not surprising 
since Underwood and Schulz did not 
find enhanced performance following 
distributed practice with trigrams or 
with words whose members 
produced interference, but only with 
bigrams. : 

The most significant result of the 
present experiments was that distribu- 
tion of the retention tests, combined 
with the stipulation that all retention 
tests end with a correct response, re- 
duced response availability and demon- 
strated mediated facilitation of experi- 
mentally acquired associations over in- 
tervals totaling as much as 279 sec. 
from the initial presentation of the first 
acquisition pair to the test trial. (Sls). 


response 
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EFFECTS OF INTERTRIAL REINFORCEMENT 
ON RESISTANCE TO EXTINCTION 
FOLLOWING EXTENDED 
TRAINING 


ROGER W. BLACK axp KENNETH W. SPENCE 


State Unir 


ersity of Iowa 


3 groups of 15 Ss each were trained to run a straight alley with food 


2 o 
2R 


reward. 


roups, partially reinforced experimental group (PR-X) 


and partially reinforced control group ( PR-C), received 4 reinforced 


(R) trials, 4 nonreinforced (N) tri; 


(ITR) daily for 12 days. 
ceding R trials. 


PR-C received ITRs following R trials. 


ils, and 2 intertrial reinforcements 
PR-X received its ITRs after N trials pre- 


The con- 


tinually reinforced group (CR) was trained with consistent reinforce- 


ment. 


both were more resistant to extinction than CR. 


PR-X and PR-C did not differ in extinction performance and 


The results are 


discussed in terms of the Hull-Sheffield hypothesis as revised by Capaldi 
and the frustration formulation of Amsel and Spence. 


The recent experiments of Capaldi 
and associates (Capaldi, Hart, & 
Stanley, 1963; Capaldi X Spivey. 
1963) have provided strong support 
for the  Hull-Shetlield aftereffects 
hypothesis as to a possible factor 
responsible for the greater resistance 
to extinction. of a learned 
following partial reinforcement. (PR) 
than after consistent reinforcement 
(CR). According to this formula- 
tion, the greater resistance to extinc- 
tion of partially reinforced Ss is that 
the stimulus aftereffect (S,) of a 
nonreinforced trial (N) becomes 
strongly conditioned to the instru- 
mental response, whereas under con- 
tinuous reinforcement such condi- 
tioning does not occur as Sa is never 
present. Since extinction. involves 
the aftereffect, Sn, on all trials beyond 
the first, the partially reinforced Ss 
would have a greater excitatory 
strength for the instrumental 
Sponse than the continuously rein- 
forced Ss and hence would require 


more trials to extinguish. 


response 


re- 


‘The writers express their appreciation to 
*atricia Elstad and Roy Matsumoto for 
‘heir aid in the collection of these data. 


Modifying the Hull-Shetfield formu- 
lation, which assumed that the stim- 
ulus traces of reinforced (S,) and 
nonreinforced trials (S,) dissipate or 
undergo diminution as a function of 
time, Capaldi has assumed that a 
particular aftereffect will persist or 
remain functional indefinitely until 
replaced by another, different after- 
effect. As a test of this modifed 
conception Capaldi et al. (1963) 
suggested that the aftereffects of an N 
trial could be eliminated or replaced 
by giving S a subsequent direct 
placement in the baited goal box, a 
procedure described as ‘intertrial 
reinforcement” (ITR). An ITR fol- 
lowing an N trial would thus replace 
S, with S, and, if an ITR is given 
following each N trial that precedes 
a reinforced (R) trial, S, would never 
be reinforced and, hence, would not 


acquire a tendency to evoke the 
instrumental response. The Ss 
trained under such PR conditions 


would not be expected to show greater 
resistance to extinction than Ss 
trained with CR. In the Capaldi 
et al. (1963) study, ITR was given 
to two PR (50%) groups and a CR 
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group. One partial group 
was given ITR after R trials, the 
other after N trials. In agreement 
with theoretical prediction, the PR 
group receiving | ITR following N 
trials did not differ significantly from 
the CR group. On the other hand, 
the PR group receiving ITR following 
R trials was significantly more re- 
sistant to extinction than either the 
CR group or the PR group that had 
Sn traces removed by ITR. 


(10047) 


A similar finding has been reported 
by MeCain (1964) in which only five 
trials involving but two N trials fol- 
lowed by R trials were given in the 
acquisition period, As the result of 
his findings, MeCain. raised certain 
questions with regard to the frustra- 
tion-type theory of the PR effect 
fered by Amsel (1958) and Spence 
(1960). This latter theory makes 
use of the concept of a conditioned 
frustration response (r;) and the 
conditioning of the cues 6GS;) result- 
ing from this response to the instru- 
mental response. Since this theo- 
retical mechanism is, in turn, äs- 
sumed to be dependent upon the 
prior conditioning of an anticipatory 
goal response (fa) to the stimulus 
situation (e.g. runway), it is evident 
that this theory would not expect 
greater resistance to extinction. with 
such a brief sequence of PR 
as McCain employed, 

Examination of the empirical evi. 
dence as to the number of acquisition 
trials required to produce the PR 
effect indicates that the findings are 
highly dependent upon the Magnitude 
of the reward employed, With rela- 
tively small rewards investigators 
have failed to obtain the elect with 16 
acquisition trials (M agner, 1961). 20 
(Yamaguchi & Sukenmune, 1963), 
24 (Amsel, 1958), and 30 (Hulse, 
1958; Weinstock, 1957). On the 
other hand, when relatively large 


of- 


trials 
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rewards were used, enhanced resistance 


to extinction under PR has been 
obtained with only 16 acquisition 
trials (Wagner. 1961), and McCain 


has reported a PR elect after as few 
as & Metali Love, & Greur, 1962) 
and 3 trials | (McCain, 
1964). latter findings are 
somewhat surprising inasmuch as only 
one and two reinforced Sa R sequences 
were involved the 
studies, 


acquisition 
These 


in respective 

While the dependeney of the PR 
enect on the. magnitude of 
can be nicely handled by the frustra- 
tion theory, its occurrence after as 
feu 


reward 


as 3 5 acquisition trials is deli- 
nitels not to be expected, y 

Confirmation these Mel aim 
studies would require the assumption 
of some other factor than the trus- 
tration mechanism. One possibility 
is that both hypothetical factors, 
stimulus aftereffects and frustration, 
play a role in producing the PR 
effect. Thus, the aftereffects factor 
might be conceived 


of 


as developing first 
and the frustration factor after more 
prolonged training, 

The frustration Interpretation im- 
plies that ifa sufficiently large number 
of 


acquisition trials are given ta 
insure that frustration occurs on N 
trials and becomes conditioned as 
specified by the theory, then SS 
trained under PR with ITR after 


cither N or R trials should exhibit 
Sreater extinction than Ss trained 
with 1006; reinforcement, ‘The pres 
ent study tests this implication of the 
frustration theory by extending the 
acquisition period to 96 trials, a period 
of acquisition that has been shown 
to produce the PR effect even when 
very small rewards have been em- 
ployed, 
Viton 
Subjects, 


T a E "i 
The Ss were 45 male, hoodes 
Tats from 


as < the 
the colony maintained by th 


INTER TREND REINFORCEMENT ANI) IEX TINCTION 


Department of Psychology of the State 
University of Towa and were 90 100. days 
old at the beginning of training. 

Ipparatu Phe apparatus was a straight 


alley constructed of wood and consisting of a 


Start box IU in, a runway 3 te, and a goal 


bos 8 in. in length. 
Were 34 in. wide and high and were painted 


All segments of the alley 


black. The start bos was separated trom the 
runway by a guillotine start door amd the 
goal bos could be separated from the runway 


bya retrace door, The allev was covered by à 
Clear Plesighis, hinged top 

Opening the start door started a Hunter 
Klockounter which operated until No inter- 
Tipted a ight beam te a photocell located 
6 in. past the start Interruption of 
this light stopped the tirst klockeunter and 
started a second which operated until N 
interrupted a light located 0 in. farther along 


door. 


the alley, Interruption of a third Tight 
located 6 in. before the goal box started a 
final klockounter which stopped when S 


reached a light located 6 in. within the goal 
box, Thus, starting, running, and goal-box 
times, respectively, were recorded. 


l'en days prior to the begi 
main- 


Pretraining. 
ning of training all Ss were placed on. 
tenance schedule consisting of 12 
Standard lab chow given cach day at about 
the tine their subsequent daily training trials 
Would be finished. Water was continuously 
available. On each of the final 3 days prior 
to the beginning of training, Ss were placed 
in individual carrying cages, taken to the 
experimental room, and allowed to explore 
the unbaited alley individually for about 
S min. 

Experimental — procedure~—VThe Ss were 
randomly divided into three groups of 15 each, 
designated partially reinforced. experimental 
group (PR-N), partially reinforced control 
group (PR-C), and continually reinforced 
group (CR). Eight acquisition trials were 
given daily for 12 days. For PR-N. and 
PR-C, half of the acquisition. tric 
reinforced (R) trials and half were nonrein- 
forced (N) trials. Onan R trial, S was placed 
in the start box and, when 5 oriented to the 
start-hox door, that door was opened. A 
caster filled with wet mash was present in the 
goal box and when S entered the goal box, 
the retrace door was closed and S was allowed 
access to the wet mash for 20 sec. An N 
tial was conducted in an identical fashion 
Except that the food dish was empty. For 


the CR group, all trials were reinforced. The 


gn ol 


s were 


SS were run sequentially in squads of nine 


561 
which. provided an intertrial interval (UFD 
of about 10 mm. 

[he sequence oot trials eah day was 
RNNRRNNHR This provided two cases 


daily in which an N trial preceded an R trial 


Lea Trials Sand 7. Each S also received two 
intertrial reinforcements (IITR) daily. For 
the PR-N croup, the IPRs were given 


tollowing N trials which preceded R trials- 
bra Ug Sand 7. For PR-C and CR, the 
IERS followed R trials specitically, Trials 
4 and $. An ITR consisted of replacing -5 
in the baited goal box for 20 sec., 15 sec. 
after it had been removed from the goal box 
at the end of the previous trial? The SN was 
then returned to its carrying cage to await 


the nest trial. 

Extinction for all groups consisted of 21 
consecutive N trials given on the thirteenth 
day of training, at an EPL of 8-12 min, The 
procedure was identical to that employed 
during acquisition with the exception that 
no LTRs were given. 


Rest LES AND DISCUSSION 


Individual starting, running, and 
goal-box times were converted to 
speeds (it sec). Since analysis indi- 
cated that the results for cach measure 
were essentially the same, only the 
are discussed. 
the extinction 
curves in blocks of three trials for 
the three groups. H is clearly evident 
that the two PR groups did not ditler 
and that both were more resistant 
to extinction than CR. A Trial 
XGroups analysis of variance re- 
the between the 
groups to be reliable, / (2, 42) = 8.82, 


running-speed data 


Figure {1 presents 


vealed differences 


‘he study was run in two replications 
with approximately the same number of Ss 
in each group for each replication. In. the 
trst replication, Ss were confined in the 
unbaited goal box for 20 sec. on N trials. 
Following a personal communication from 
Capaldi to the effect that 20 see. of nonreward 
may produce an aftereffect too potent to be 
replaced by an UTR, the nonreward contine- 
ment time was reduced to 10 sec. Statistical 
analyses of the two replications failed to indi- 
cate any significant differences, however; and 
hence, the replication factor has been ignored. 
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Running speed during extinction as a 
function of blocks of three trials. 


Fic: Í. 


p < .01. The Groups X Trials inter- 
action, evident in the crossover of the 
PR and CR curves, was also sig- 
nificant, F (40, 840) = 4.12, p<.001, 
but a comparison of PR-C and PR-X 
indicated no reliable difference, + 
(43) = —.42. 

The results of the present experi- 
ment are thus seen to differ from those 
of Capaldi et al. (1963) and McCain 
(1964), Unlike the findings of these 
latter studies, the group (PR-X) that 
had ITRs after N trials did not, like 
the continuously reinforced group 
(CR), extinguish quickly, but rather, 
was like the partially reinforced con- 
trol group (PR-C) in being highly 
resistant to extinction, These findings 
are in accord with the frustration 
theory in that both PR groups 
exhibited the. expected greater re- 
sistance to extinction. 

Considered together, the results of 
Capaldi et al, McCain, and the 
present experiment Suggest that when 
the number of acquisition trials is 
small, the opportunity for the instru- 
mental response to become condi- 
tioned to the aftereffects of nonrein- 
forcement may be a determinant of 
resistance to extinction. However, 


vhen acquisition training is suff- 
y 


ciently extended to insure, theo 
retically, the occurrence of frustra 
tion on nonreinforced trials, extinc- 
tion. performance is in accord with 
the implications of the frustration 
hypothesis. This suggests that, once 
conditioned frustration is developed, 
its influence on performance is sufti- 
ciently great that the role of differen- 
tial stimulus 
negligible. a 

Neglected as vet in these I'l N 
studies is the variable, magnitude of 
reward. All of the studies employing 
this technique that have been reported 
thus far have involved relatively large 
rewards. As we know, when small 
rewards are employed partial rein- 
forcement does not lead to greater 
resistance to extinction even up to as 
many as 30 acquisition trials. Such a 
finding implies that differential stimu- 
lus aftereffects are not operative early 
in acquisition with such small reward 
magnitude as they appear to be with 
large rewards, 


aftereffects becomes 
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PARTIAL VISUAL FEEDBAC 
AS A FUNCTION OF DIFFI 


JOHN D. GOULD 


IBM Watson Research Cen 


| his rese: 


rch studied the interrelati 


d& OF COMPONENT MOTIONS 
CULTY OF MOTOR CONTROL 


AND AMY SCHAFFER 


ily 


perception and move- 


ment. Closed-cireuit television te hniques allowed the joint. ac tion 

control instrument, and operation ettects te be visually 

wack singly or in various m- sof ditheulty ef each 

‘ * components responsible for the 3 typescof visual feedback 

were varied independently of feedt, k where S steered a ball 

through a mz Results sho vel tobe mest important 

followed by vi 1 of operat ects and hand-arm movements 

No significant dif ound on the tus} uli variable whieh 

may have influenced the absence ofa ' mter tton between 
type of visual feedback and movement difficulty, 


It has been proposed (Gould, 
1965a, 1965b; Smith, 1962) that the 
sensory feedback which occurs in all 
modalities in a complex motor-control 
task may be considered under three 
headings: that sensory feedback re- 
sulting from movement of the 
torso, arm, foot, or 
reactive feedback) ; 


body, 
hand (called 
that feedback 
resulting from movement of the tool, 
control, or instrument (called instru- 
mental feedback); and that feedback 
resulting from action of the control or 
tool on objects or material in the 
environment (operational feedback). 
These three feedback effects may be 
observed in all sensory modalities, 
and which modalities are actually 
involved depends upon the overall 
motion pattern and the nature of the 
task itself. 

In a previous study (Gould, 1965a) 
in which Ss used a pliers to move 
into appropriate holes and 
their performances on the monitor 
wf a closed-circuit television System, a 
technique was developed whereb 
could see his hand, tool, and environ- 

antal changes cither singly or in 
qe combinations. The nonaddj- 
eigen Me of reactive, instrumental, 
zi operational visual feedback re- 


pins 
viewed 


wy S 


sulting from these three task com- 
ponents, respectively, demon- 
strated. While the results of that 
study were interpreted to support a 
hypothesis that the relative effects 
of each of the three types of visual 
feedback are dependent the 
relative degree of or 
difficulty of the 
volved, 


Was 


upon 
complexity : 
Motion patterns in- 
this interpretation was not 
above criticism. That is, while visual 
feedback was varied, only one level 
of difficulty: or complexity of the effect 
responsible for cach type of feedback 
was employed. In the present study, 
however, the level of difficulty of the 
three components of the task itsell 
was varied independently of variations 
in the amount or type of visual feed- 
back. Accordingly, Ss used two types 
of arm-hand movements in manipu- 
lating two different tools to control 
and steer a rolling ball (two speeds) 
into an appropriate slot. Perform- 
ance at each of these eight task condi- 
tions, then, was evaluated. for seven 
different visual-feedback conditions: 


METHOD 
The 
" rod t 


17-in. 


564 


å : Yee 
experimental task consisted of using 
: rid 
9 steer a }-in. ball, that rolled down 
inclined alley, into the appropriate onc 


FISU: 


OFF SWITCH 


Vic. 1. 


of three Jin. maze arms, each of which inter- 
Sected with the main alley as shown in Fig. L 
Nhe alleys, shown as dotted areas, were 3 in 
wide and Vin. deep. The entire alley board 
Was inclined so that the ball would roll down 
toward the off switch. 

As will be describe: 
on the right side of S, since he viewed his 
Performance on a television monitor located 
directly in front of him, Consequently, in one 
evel of hand-arm movement, S used his tight 
(preferred) hind; whereas in the other bevel, S 
Used his left (nonpreferred) hand and reached 
chest. Two types of tools or instru- 
e used to steer the ball. In. both 
Cases, a tin. rod, n. diam., was mounted 
normal to an 8-in. handle. However, the end 
of one tool was convex while the end of the 
other tool was concave, the latter presumably 
lowing S better control over the rolling ball. 
‘he speed with which the ball would roll 
freely down the alley when released was varied 
to change the level of difficulty of that task 
component yielding operational feedback. 
"his was accomplished by tilting the alley 
to a slope of .16 or 24 with respect to the 
table that supported it. When the ball was 
allowed to roll freely down the 17-in. main 
alley (during the experiment, of course, it 
Was not) it took .91 +59% sec. and 1.12459 
a respectively. This particular task was 
Selected as one that would minimize any 
Mteraction between the three movement 
“ariables which would lead to a drastic 
tering of the general tisk. 

© provide visual feedback of only one or 


the maze was located 
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GOAL 


START SOLENOID 


Experimental maze. 


combinations of the component. movements, 
ac high-resolution, closed-circuit television 
evstem was used. The Ss did not look 
directly at the maze, but instead viewed their 
performance on a television moniter (Conrac 
Model CN A870). A television camera 
General Electric Model #TE1SB2) with a 
l-in. lens was mounted in front of and per- 
pendicular to the work board. By turning 
down the brightness and beam controls of the 
television system and elevating contrast and 
target abnormally the picture on the monitor 
was such that only white objects could be 
seen by S while black stimuli were not differ- 
entiated from the background. Accordingly, 
depending upon the feedback condition, Ss 
wore a black or white glove and used a black 
or white tool to control a black or white ball. 
Seven visual-feedback conditions, as de- 
fined by what S saw, were used: vision of 
hand, tool, and ball or, in the terminology of 
this paper, visual feedback of reactive- 
instrumental-operational effects (RIO), vision 
of hand and ball only or reactive-instrumental 
(RD); instrumental-operational (10); reac- 
tive-operational (RO); reactive only (Rẹ; in- 
strumental only (D and operational only (O), 
A thin white stripe was painted adjacent 
to the upper edges of each alley, as shown 
in Fig. 1, and two small white spots indicated, 
respectively, the position of the "off" micro- 
switch which S pushed with his tool upon 
completion of a trial and the goal box of the 
maze. Accordingly, the picture on the tele- 
Vision screen that S saw was entirely black 
except for the white stripe surrounding the 
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maze allevs and the white indicating spots, 
plus the additional feedback provided i s 
particular experimental. condition. — | pr 
example, in the IO feedback condition, in 
addition to the stripes and indicating spots, 
the tool was seen as controlling the visible 
ball, although S's hand was invisible.) 

At the outset of each trial, the ball was 
positioned at the top of the main alley and 
held by a solenoid. The S positioned his 
tool on the floor of the alley 1 in. in front of 
the position where the ball was released. At 
a given signal, E threw a switch which 
released the ball and automatically started 

time clock, accurate to .01 sec. The S 
then trapped the ball with his tool and 
steered it through the maze; upon completion 
he stopped the clock by hitting the micro- 
switch with his tool. Correction for errors 
was not allowed, and Ss were strongly in- 
structed to minimize errors, as their time 
scores would be weighted for such errors, 
Both time scores and errors were recorded, 
Even on trials in which 5 made an error he 
still hit the microswitch which stopped the 
timer. 

Eight Ss, paid volunteers from a nearby 
college, were used in this experiment. Each S 
performed five trials in each of the eight 
movement conditions and each of the seven 
feedback conditions. An 8X8 Latin square 
formed the main statistical design, with Ss 
as the row variable and experimental sessions 
as the column variable; movement conditions 
were varied across sessions. Within each of 
the 64 cells of the Latin square, the seven 
feedback conditions were randomized, and 
five consecutive trials were recorded at each 
feedback condition. Thus, six orthogonal 
variables—hand-arm movement (2 levels), 


1.000-- 
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Fic. 2. Differences in performance as a 


function of visual feedback. 
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type of tool (2 levels), ball speed (2 levels), 
visual feedback (7 levels), trials (5), and Ss 


(8)—were represented in the analvsis-of- 
variance design 
IrsULIS 
joth the 2240 time scores, con- 


verted to log values, and also the error 
scores were completely analyzed. The 
direction and statistical significance 
of the results were generally the same. 
However, occasional "wild" scores 
were involved, and, accordingly, to 
obtain better estimates of experi- 
mental means the median time score 
among the five trials for each S at 
each of the 56 experimental conditions 
was selected and analyzed. The 
results, which did not differ in terms of 
significance or direction of means 
from the unselected are 
presented here. It should be men- 
tioned also that several weighting 
schemes were attempted in adjusting 
the time scores for errors but these 
did not appreciably change the direc- 
tion or significance of any main effects 
or interactions. 

Effects of visual feedback. —By vary- 
ing the components of movement 
which were fed back, performance was 
differentially affected, / (6, 42) 
~ 64.33, p < 001. In general, vision 
of the instrument was most helpful 
to performance followed by vision 
of the ball and vision of the hand. 
Figure 2, where average time tO 
completion in logi, sec. is plotted on 
the ordinate with feedback condi- 
tions arranged in order of magnitude 
on the abscissa, shows that vision 
of the instrument was the most im- 
portant in this task. That is, those 
four conditions in which instrumental 
feedback was provided (RIO, IO, b 
and RI) were the easiest four. Opera- 
tional feedback or vision of the ball 
Was next most important, followed 


Y vision of the hand or reactive 


feedback. 


analysis, 


VISUAL FEEDBACK 


In originally applying range tests 
to the differences between the seven 
feedback means, it was found that 
the R feedback condition differed 
significantly from the other six, which 
did not differ significantly among 
themselves, llowever, the 
around the R mean were significantly 
More variable than were the scores 
around any of the other six feedback 
means, F (63, 63) 1.85, for the 
smallest difference; p < .02. Ac- 
cordingly, another range test was 
applied eliminating the R feedback 
condition and its associated error 
variance from the estimate of the 
Overall JMS. In this analysis, the 
means fell into the following two 
groups (RIO, 10, 1, and RI) and (I, 
RI, O, and RO). Means which are 
inside the same parentheses did not 
differ from each other. Means not 
Included within a particular. group 
differed from that group at the .05 
level of confidence. 

Three results are evident from this 
analysis. First, the additional visual 
feedback of S's hand did not affect 
berformance significantly. | Second, 
the conditions with feedback of the 
moving ball (RO and ©) differed 
significantly from those conditions 
where S saw both the ball and his 
instrument (RIO and IO). Third, 
the effects of visual feedback of the ball 
and instrument separately were addi- 
tive when combined, a fact that was 
not true in a previous study (Gould, 
1965a). 

Effects of movement conditions.—- 
Overall, the eight movement condi- 
tions did not differ significantly from 
each other (F < 1.00). This was true 
when the effects of order of presenta- 
tion were removed also. By breaking 
down the movement conditions into 
Single degree-of-freedom comparisons, 

Was found that the two levels of 
all speed contributed the most 


scores 
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variance to the movement conditions, 
F (1, 7) = 3.94, p «.10. When 
these eight movement conditions were 
rank ordered, those four in which the 
hall rolled faster were all better than 
those four in which the ball rolled 
slower. No significant interaction 
occurred between the movement con- 
ditions themselves, a result which 
was essential in demonstrating that 
the basic nature of the task did not 
change much when each component 
was varied. 

Movement X feedback interaction. 
When the means for the Movement 
Conditions X Feedback interaction 
were plotted, the results showed that 
the effects of various amounts of 
visual feedback were nearly the same 
regardless of the movement or task 
condition. Statistically the inter- 
action was not significant, / (42, 
294) =1.23. Since the only movement 
condition that approached significance 
was the effect of ball speed, the two 
curves for ball speed were plotted as a 
function of feedback. In the four 
cases where the ball or operational 
effects were not seen, the differences 
between the curves were larger than 
where the ball could be seen, although 
the interaction of Ball Speed X Feed- 
back was not significant. Thus, not 
only was there no type of overall 
interaction between the task vari- 
ables and visual feedback, but the 
presence or absence of vision of a 
particular task component did not 
interact with the difficulty of that 
component either. 


DiscussioN AND SUMMARY 


The main results of this study, using 
a television system to control visual 
feedback of component movements, in- 
dicated that performance was dependent 
upon visual feedback, but that the levels 
of the task variables selected did not 
affect performance nor did they interact 
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with visual feedback. Observation in- 
dicated that not only performance but 
the action and attitude of Ss di ered 
i depending upon the feed bac k 
the four conditi 
viding feedback 
erally moved their tool down th runway 
allowi the ball to roll after it, stopped 
at the second alley, and then Steere 
the ball into that alley. Errors (8-110 ) 
were relatively few; in fact, time scores 
and mean errors on the seven feedback 
conditions correlated highly (tau = +90). 
Without instrumental feedback, maneu- 
vering the ball into the alley became 
difficult, Ss sometimes took longer to 
find and push the termination 
and errors doubled, 


greatly 
condition. In 
instrumental 


switch, 
The task became 
nearly impossible when Ss saw only their 
hand and arm (R); the greatest difficulty 
appeared to be in locating the appropri- 
ate arm of the maze 
on 60% of the trials, and time scores 
would have been even longer except that 
once S perceived that an error was com- 
mitted he did not correct it. Post- 
experimental observations indicated that 
R feedback and a completely blind con- 
dition were of the same degree of im- 
possibility. In all conditions Ss only 
rarely experimented with new, invariably 
unsuccessful techniques, such 
the ball roll frecly until it hit 
stationed at the alley. 

The results concerning visual feedback, 
where it was shown 
tool was the most helpful to perform- 
ance, followed by vision. of the ball 
and then vision of the hand, are inter- 
esting in light of a previous study (Gould, 
1965a) on a different task showing the 
order of importance of visual feedback 
to be operational, instrumental, reactive, 
In addition, a third study (Smith & 
Smith, 1962) using different techniques 
and a still different task studied three 
feedback conditions (RIO, RI, and Q) 
and showed no difference between them. 
These results, based upon this experi- 
ment which emphasizes accurate timing 
of movements, as w oe the other two 
experiments which emp ea spatial fac- 
tors, indicate that the need for Various 
components of visual feedback is de- 


Errors occurred 


as letting 
the tool, 


that vision of the 
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i| nature of the 
motor patterns involved. On 
implication of this conclusion concerns 
knowled; (KR). 


traditi 


pendent upon the gener, 
task or 


feedback 
as having rein- 


essential for 


of result 


considered 
forcemes 
motor le 


value all d or b l 
i and generally consideret 


synonymous only with what is here 
called operational feedback. — Experi- 
ments, on differences between 


pursuit and Compensatory tracking dis- 


plays (Adams, 1901; Chernikolf F 
Ta r. 1957) or precision of displayet 
feedback Hunt, 1961), vary operational 
KR and these studies show that the 


relative value of operational feedback 
depends upon the motor task involved: 
the present study demonstrates that 
in some tasks visual instrumental m 
back is even more important than visua 
operational feedback. T 

Other experiments where feedback ic 
impoverished or taken away (Abbey SS 
Cowan, 1960; Diehl & Seibel, 1962; 
Hunt, 1961: Smith, 1963), studies. of 
augmented feedback (Gould. & Smith, 
1964; Kinkade, 1963), and closed-circuit 
television 
formed in 
distorted 


studies of motor tasks le^ 
a variety of displaced d 
Visual-feedback condi tious 
‘summarized in Smith & Smith, 1962) 
all point to the general conclusion thar 
the effects of type and amount of SEIS 
feedback on level of performance, liget 
of learning, and adaptation to visua 
distortion depend upon the cee 
pattern and, in the case of adaptatio! 
to one type 


of prismatically displac 
vision 


(Held & Freedman, 1963), oi 
movements of § during the experimen s 
In general, in relatively simple ond 
where the degrees of freedom of mee” 
Ment patterns y iclding multimodal opera- 
tional, instrumental, and reactive n 
back are relatively limited (Ryan E 
Bilodeau, 1962; Smith, 1963) or adis 
the motor skill is extensively practise 
as in the case of a one-dimensional Hae 
ing situation (Hunt, 1961), or is oa 
learned, as in typing (Diehl & Sei “il 
1962), the effects of varying aie 
feedback are not as disastrous as wa 
Studies of complex motor patterns, s 
In the present experiment and othe 
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(Abbey & Cowan, 1960: Gould, 19654. 
In striving to develop a more precise 
understanding of the complex relation- 
ships between sensory feedback in all 
modalities and human or animal motion, 
the television technique used here offers 
much potential in providing partial 
visual feedback, and has application in 
experiments on differential adaptation 
of various component motions, parts of 
the body, or visual field in distorted 
or displaced vision, in the training of 
complex motor skills, and in studies 
Where the intent is to provide S with 
limited body or environmental per- 
ception teg.. Bossom, 1960. 
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nouns were link 


In Experiment I 
learning. Nouns were preceded by 


l with verbs in paired-associate 
n article to induce a 


“sentence 
nt was varie l bv inflecting either 
5th, and oth 
students, learned a grammatical list, 4 


Grammatical number agr 


set. 

the noun or verb. $ the Ss, 3rd, raders, and college 
in ungrammatical list. Gram- 
cal lists by college Ss. 
induce a sentence set while } we 
The pairs, making 4 conditions, we 
2nd graders and college Ss. 


presented on sound tape to Ist and 
Grammatical pairs were learned faster at 
both age levels. Sentence set had no effect on grammatical pairs, but 


with learning by college Ss but not by grade school Ss. 


Writers on language behavior, 
whether challenging associationistic 
interpretations (¢.g., Chomsky, 1957; 
Lashley, 1951; Miller, Galanter, & 
Pribram, 1960) or advancing them 
(e.g., Osgood, 1957), have emphasized 
the importance of integrative proc- 
esses and determining tendencies or 
sets in the grammatical selection of 
words used or expected in a sentence. 
Thus the expectation of, say, a plural 
verb in a speech utterance is deter- 
mined by an inflection indicating 
plural number in the noun which 
precedes it. Through such experience 
with the language, encoding and 
decoding habits and sets are developed 
which mirror those of the speech 
community. 

This study is concerned with some 
implications of these notions of gram- 
matical behavior in a conventional 
learning task. First, nouns or noun 
phrases were linked with verbs by the 


1 Supported in part by Grant MH 08661-01, 
National Institute of Mental Health, United 
States Public Health Service, to the first 
author. Appreciation is due to Ted De. 
Bernardi, Principal, and the teachers of the 
Amer Jay Hamilton School for their coopera- 


tion in this research. 


paired-associates method. If the pres- 
ence of noun inflections calls gram- 
matical habits into play, noun-verb 
pairs which agree in number (making 
a grammatical sentence) should be 
learned faster. than ungrammatical 
pairs. 


Secondly, the stronger the 
grammatical set or expectation the 
greater should be the facilitation i! 
materials are grammatical and the 
greater the interference if they are 
not. Thirdly, since grammatical hab- 
its and set develop through exper 
ence they should make more differ- 
ence for older than younger SS- 

In Exp. I, college and grade school 
Ss learned noun-verb pairs which di d 
fered in number agreement. In EXP- 
II, in addition to varying gram 
matical agreement the pairs were 
constructed in such a way as to vary 
“sentence set." The appearance O 
the word tue preceding the noun 
should facilitate the learning of the 
pair if grammatical, or interfere with 
the learning of the pair if ungram- 
matical, or both, In Exp. 11 Ss were 
from two age levels also. The results 
of the experiments indicate a resem- 
blance between the effects of gram 
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when combined with ungrammatical pairs the sentence set interfered 


on 


GRAMMATICAL AGREEMENT AND SET IN LEARNING 


matical variation and the more con- 
ventional variables of the rote-learn- 
ing laboratory. 


EXPERIMENT | 
Method 
eC ‘There were 76 college Ss and 76 
grade school Ss. The grade school Ss, 24 
each from the fifth and sixth grades and 28 
from the third grade, were from the college 
laboratory school, One failed to learn the 


Practice list within 30 min. and was replaced 
by another S. The college Ss were from 
Introductory psychology classes and par- 
ticipated for extra credit or as a class require- 
ment. All Ss spoke English as their native 
language and some had been in verbal-learn- 
ing experiments before. The Ss within each 
grade or age level were randomly assigned 
to lists in blocks of four. 

Materials —Vive basic 
tences each consisting of a noun phrase and a 
verb were constructed. The noun phrases 
Served as stimulus items in paired-associate 
learning, the verbs as response members. 
All were "Thorndike-Lorge (1944) A or AA 
Words. The semantic relations between 
Nouns and verbs were chosen to be unlikely. 
Table 1 gives the sentences. 

Each sentence was altered and arranged 


three-word sen- 


to yield four pairings, two grammatical and 
two not; they are most easily described by 


example: THE EGGS-HOPE 


Were constructed each with the five sentences 
in one of the altered forms making two 
grammatical and two ungrammatical lists. 
On each list the five pairs making a trial were 
randomized five times. Order was exactly 
parallel across the four lists. 

Apparatus and procedure.—Lists were pre- 
sented on a memory drum set behind a black 


TABLE. 1 


Basic SENTENCES IN Expr. 


IHE EGG-HOPES 
THE KAIN-JUMPS 
THE SHIP-TALKS 
THF BANK-PULL 
THE ROAD-GROWS 


sereen. X light placed on the drum illumi- 
nated the aperture. The room was dimly lit. 

The college Ss were given standard antici- 
pation instructions for paired ociates. 
Instructions to the grade school were 
modified. Prior to the instructions for 
learning each grade school S was given a card 
on which appeared each word (from all four 
lists) and was asked to read the words to 
a criterion of one correct reading in three 
trials (with help from E on the first two trials). 
All Ss met the reading criterion. 

Exact reproduction of the responses was 
emphasized in the instructions for all Ss 
and was scored accordingly. Pairs were 
presented at a 2:2-sec. rate with a 4-sec. 
interpair interval (IPI) and a 16-sec. inter- 
trial interval (ITI). A practice list of two 
nonsense pairs, THE GUZ-WIK and THE - 
DAT, Was learned to one perfect trial, Then 
the test list was presented till the criterion 
of one correct trial was reached or for a 
maximum of 30 trials. Data from Ss who 
reached maximum trials were included. One 
fifth grader and three third graders reached 
30 trials on a grammatical list, four third 
graders reached the maximum on an un- 
grammatical list, and thus the means for 
their corresponding groups are underesti- 
mated. 


Results 


Table 2 shows the trials to criterion 
for each age level and type of list. 


S 


TABLE 2 


TRIALS to CirrERION iN Exe. I 


Lis Third Vin 
j 
M x 
a | 
ammatical H 12] 8. 
grammatical 14 12 8. 
M | 38 24 8. 


| 


Grade Level 
Colle: | M 
| > f | | | 
M N i M S d N M 
92 12) 630 WO 6.08 | 8.20 
83 12 900. 38 — 943 | 1064 
Si 24 7.79 76 7.62 | 
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TABLE 3 


BOOK 
ROADS-GROW 


Although the cell variances were 
roughly proportional to the means, 
the significance tests below are from 
analysis of the raw scores; a log 
transformation yielded similar p 
values. 

Table 2 shows that learning rate 
increases, of course, with age, F 
(3, 144) 2 15.45, p «.0005. The poor 
showing of college Ss compared to 
fifth and sixth graders can probably 
be attributed to the short (two-pair) 
practice list. The grade school Ss 
gained more familiarity with the 
presentation rate, ITI, and other 
experimental factors while reaching 
the practice-list criterion. 

Table 2 shows also that except for 
the reversal in the fifth grade the 
grammatical lists were learned faster, 
F (1, 144) — 5.71, P «.025. ‘The 
reversal can be attributed to the lone 
fifth grade S who failed to learn be- 
fore 30 trials; he was assigned to a 
grammatical list. Although in gen- 
eral the differences between gram- 
matical and ungrammatical lists in- 
creased with age, the interaction was 
not reliable. "Tests at each age level 
showed a significant difference þe- 
tween grammatical and ungram- 
matical lists for college Ss, ; (74) 
= 2.04, p < .01. 


EXPERIMENT II 


effects did not 
age in Exp. | 


Since grammatical 
change reliably with 


, 
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vounger Ss were used in this experi- 
: variation which required 
aural presentation of materials. In 
addition, the design incorporated sen- 
tence set as an independent variable. 


ment, a 


Method 
Subject 
18 colle 


language. 


There were 48 grade school and 
we Ss, all with English as their native 
Half the grade school Ss were 
first l half second graders, from the 
college-laboratory school. The college S> 
though drawn from the same population 
had not been in Exp. 1. The Ss from each 
grade and age level were assigned randomly 
in blocks of four to one of the experimental 


lists. 

Materials The eight basic sentences used 
in this experiment were chosen by the same 
criterion as in Exp. Land appear in Table 3 
Phey were altered to make two agreement 
conditions by presence or absence of the suffix 
/-s/ attached to the noun. Thus no response 
clement ended in /-s/. Further, by adding of 
not adding the article ine before the noun 
the sentence Set and No-Set conditions were 
incorporated. Examples of the four condi- 
lions were: THE SHIPS-TALK, SHIPS-LALK, THE 
SHIP-TALK, and SHIP-TALK. 

Four mixed and completely counter- 
balanced lists were constructed. Each list 
had two sentences representing each condi- 
tion, and each sentence appeared in each 
condition but on a different list. 

Each list was typed on memory-drum tape 
as follows. The eight pairs appeared for a 
study trial, which was followed by a test trit 
during which only the stimulus half of the 
pairs appeared. Pairs were spaced so that 
with the drum set at a 2-s rate cach pale 


] : aT 4 a 
appeared for 2 sec. with a 2-sec. IPI and 


a est 
JU-sec. ITI between both study and Ea 
trials. Cues for a ready signal also appeare 


on the tape in about the middle of each 


TABLE 4 


Mian Coker Responses iN Ear |! 


Age Level 


! 
Pairs Grade School | College 


Set | No Set | Set 


3.73 | 13.48 | 19.27 
0.94 | 11.30 | 15.94] ! 


| 
Grammat | 
Ungrammatic 


1 
al|1 


—— —— Án 


GRAMMATICAL 


Each list was recorded by means of a Bell 
and Howell magnetic tape recorder. As the 
Materials appeared on the memory drum, E 
spoke them into the recording mi rophone, 


ids. approxi 
Fhe materials were spok 


with care to space the materi 
nutely evenly. 
With a slight pause between the noun and 
verb half of the pairs. About 6 sec. before 
study trial and upon cue trom the drum Æ 
\ similar 
w occurred before trial. 
Phere were three different random orders of 
both study and test trials; thev were repeated 
Continuously to make a total of 12 trials 

A practice list consisting of three pairs, 
CAT DoOG-MAN, HOUSE-CAKE, and SKY-ROX 
ARM was recorded on a separate reel The 
intervals between materials were the same as 
for the experimental lists and the same ready 
Phe practice list was 


n 


a 


recorded “Get ready for practice.” 


warning each test 


Signals were used. 
Preceded on the reel by the recorded instruc- 
Uons for the experiment. 

Procedure. The S was seated in front of a 
black sereen which hid the tape recorder and 
E from view. The recorded instructions 
directed him to listen to the materials and to 
Supply the words which were missing (during 
lest trials), Questions from S cif any) were 
"nswered after the first practice trial Phe 
Practice list was continued tll SN reached the 
earning criterion of one trial correct, Then 
the practice reel was replaced on the recorder 
Y the reel which presented the experimental 
ist, 


Results 

Table 4 shows the mean 
Tesponses in cach condition over 12 
trials for the two age levels. Data 
from the two age levels were analyzed 
separately since the variability be- 
tween grade school Ss was generally 
much larger. 

It can be seen in Table 4 that for 
both age levels the grammatical pairs 
were learned faster. Analysis of the 
data for grade school Ss yielded a 
reliable main Grammatical effect, 
lt, 47) = 13.16, p < 0001. Simi- 
ar results held for college Ss, Z 
(1,47) — 15.08, p < .0005. 

More interesting in this experiment, 
Owever, was the effect of adding the 
Word THe to the noun-verb pairs to 
Pt Table 4 shows 


correct 


, 


ance sentence set. 


\GREEMEN I 


AXDUSET IN: LEARNING WE) 
that in the grade school sample the 
Set condition does not differ much 
from the No-Set condition: the Set 
effect and its interaction with Gram- 
mar were not significant (Fs < 1). 
But Table 4 that for 
college Ss the Set effect was negligible 


shows also 


with grammatical pairs but sub- 

stantial with ungrammatical mate- 

rials. The Set X Grammar inter- 

action was significant, F (1, 47) 
025 


DISCUSSION 


In both experiments reported here 
it seemed clear that grammatical habits 
of noun-verb number agreement can 
facilitate paired-associate — learning. 
While this outcome is intuitively ob- 
vious it does not permit a clear prefer- 
ence for one or another of the current 
psychological interpretations of language. 
The present results are coasistent with 
the chunking hypothesis (Miller, 1956) 
if it is assumed that grammatical pairs 
are more easily coded, and with the 
hypothesis of an integrative congruence 
mechanism (Osgood, 1957). They can- 
not be explained as simply a contextual 
reduction in number of alternatives 
(Miller, Heise, & Lichten, 1951), but 
they tend to support a dependent prob- 
ability interpretation if grammatical 
classes are taken as the sequentially 
dependent events (Jenkins & Palermo, 
1964). 

Nevertheless the effects. of 
set in Exp. IT lend themselves to an 
interpretation in the somewhat more 
conventional language of rote learning. 
Grammatical word pairs preceded by 
the article THE were learned at about 
the same rate as the grammatical pairs 
not so preceded, which that 
the facilitative effects of agreement were 
already maximal for the materials used 
At the same time 
the slower learning of ungrammatical 


sentence 


suggests 


in the experiment. 


pairs under the Set condition by college 
Ss seems to require an interference in- 


terpretation, The. results imply that 
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the operations here called sentence set 
and grammatical habit refer to somewhat 
diferent processes. 


Both grade school and college .5. 
learned grammatical pairs faster than 
ungrammatical pairs. Yet when sen- 


tencehood was implied under Set condi- 
tions but the materials were ungram- 
matical. the greater interference in learn- 
ing by college Ss did not appear in the 
data of Ss from the primary grades. 
This finding could be expected on the 
assumption that young children have 
less experience with sentences containing 
function words. Age differences from 
grammatical habits might also be ex- 
pected, but their failure to appear in this 
experiment may mean that the effects 
of grammatical number agreement ap- 
pear earlicr in language behavior than 
the effects of sentence set, and that 
agreement effects will disappear, if at 
all, only when Ss much younger than 
those in the present experiment are used. 

Taken together the results of these 
experiments show a similarity between 
grammatical phenomena and the be- 
havior ordinarily studied in the rote- 
learning laboratory, and they tend to 
affirm the relevance of associative theory 
to the problems of accounting for 
language. 
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EFFECIS OF NUMBER AND PERCENTAGE OF REWARDED 
TRIALS ON THE ACQUISITION AND E 
OF LEVER PRESSING USING A DISCRET 


PROCEDURE ! 


JOHN J. PORTER axp JAMES J. HUG 


University of Wisconsin 


8 groups of 10 hooded rats received 12, 32, 04, or 90 acquisition trials 
with 50% or 100% water reward. 16 bar presses defined a trial. 
Starting and total speeds were examined as were trials-to-extinction 
criteria of 1, 3. 5, or 10 min, Acquisition performance was dependent 
on the interaction. of number of training trials with percentage of 
reward, and also an increasing function of number of training trials. 
Within-Ss comparisons showed that the 50° Ss responded significantly 
faster following nonreward than reward. The 100% reward groups 
showed little change in resistance to extinction after 32 prior training 


.TINCTION 
C"E-TRIAL 


trials, and no less resistance to extinction than the 50° Ss. 


In the past few years it has become 
creasingly evident that the pattern 
of responding obtained during free- 
Operant extinction is quite unlike the 
Fesponse patterns in  discrete-trial 
runway extinction. In free-operant 
Conditioning, Dyal and Holland 
(1963), Miles (1956), Perin (1942), 
“nd Williams (1938) all found resist- 
ance to extinction to be an increasing 
unction of the number of acquisition 
trials on 10095 reward, while Denny, 
Vells, and Maatsch (1957) obtained 
Similar results using 4:1 fixed-ratio 
reinforcement. In a recent runway 
study, using a 30-sec. intertrial inter- 
val (ITI), Hill and Spear (1963) 
found a positive relationship be- 
tween number of training trials and 
resistance to extinction early in ex- 
tinction, but no evidence of this 
relationship in later extinction. Other 
Straight-alley investigations by Bacon 
(1962), Ison (1962), North and Stim- 
mel (1960), and Siegel and Wagner 
1963) have found an inverse rela- 
‘onship between number of acquisi- 
10n trials and resistance to extinction. 


, . 
tio Supported by National Science Founda- 
rant G-22832. 


As Amsel, Mackinnon, Rashotte, 
and Surridge (1964) have pointed out, 
the contrast between the results of 
free-operant and discrete-trial pro- 
cedures suggests the need for experi- 
mental comparisons of these dissimilar 
situations. ‘The present 


response 
discrete-trial, lever- 


study used a 
pressing response as an analog to the 
runway CR, in order to effect such a 
comparison. Each response chain 
of 16 bar presses was followed by 
a 30-sec. ITI, this sequence con- 
stituting a trial. Either 12, 32, 64, or 
96 such acquisition trials were ad- 
ministered, followed by 40 extinction 
trials. For half the Ss reinforcement 
occurred on a randomly selected 50% 
of the acquisition trials; the other Ss 
received continuous reinforcement. 


METHOD 


Subjects.—Ninety (54 male and 36 female) 
hooded rats, 95-135 days old, served as Ss. 
; A pparatus.—The Ss were run ina 7X12X8 
in. ventilated and sound-insulated chamber, 
illuminated by a small 73-w. bulb. A re- 
tractable response lever and liquid dipper 
were mounted on one wall of the chamber. 
Beginning with the insertion of the bar into 
the box, the latency of the first bar press and 
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from bar insertion to the last 


recorded, 


The Ss we 
l design ef 12, 
partial 


or 96 acquis: 


2) or continuous 
in 
tria 
12 


an 


times. P 

was run d pon the day following acquis 
tien, all Ss began 2 days of extinction to a 
daily criterion of 10 min. without comp 
a trial, A maxsimum of 28 extine 
was permitted on Day 1, and 12 tri 
2. A control group of 10 5s had 
preliminary training as the other groups and 
was tested for resistance 

the following day, without 
training. 

Procedure Preliminary training requir 
13 days; on the first 9 day 
was reduced from 60 to 20 min. in Semin 
daily decrements. On Day 10 (inagazine 
training) Ss were viven thirty .O6-mil. water 
rewards, the amount used throughout the 
experiment. On Day 11, each S received 30 
rewards while learning to bar press. On 
Day 12, Ss made five rewarded bar pre is 
followed by three reinforced diserete trials; 
on these three trials, as between all trials 
thereafter, the chamber light was out 
the bar retracted during the 30-scc. 
On Day 13, Ss received 21 dia rete 
using increasing reinforcement ratios from 
2:1 to IE The ratios, amd thus the 
number of responses required for reward, 
increased by two after every third trial. 
On all preliminary and training | 
were delivered at the end of a response chain, 
On Day 14, acquisition training 
the experimental groups, while the control 
group began extinction. During all sessions 
Ss were left in the test chamber until they 
had completed their daily trials, then im 
mediately returned to their home 
had water available for 20 min. 


NR trial, or an R trial bs 


A maximum of 32 acquisition. tri 


tu t 


unction 


acquisition 


on 


any 


drinking time 


and 
IT. 


trials, 


g trials, rewards 


began for 


im- 
cages and 


Food was 
always available in the home cages. 


RESULTS 


While the starting and total-speed 
results were similar, group differences 
consistently larger for total 
consequently, the data pre- 


were 
speeds; 

ited here concern only total speeds. 
sel 
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lequisilton. Response speeds dur- 

ing the last three blocks of four trials, 
for each experimental group, were an 
increasing function of the number ol 
training trials; F (3, 72) 38.30, 
poc O01, However, the overall el- 
tect of 
was not significant, apparently due 
to the early superiority of the 100% Os 
over the 50° Ss: a superiority whose 
later reversal was reflected in a sig- 
nificant Trials X Percentage of Reward 
interaction; / (3,72) 2.92, p < .05- 
In agreement with other investigators 
(Goodrich, 1959; Wagner, 1901: 
Weinstock, 1958), the 506, Ss ran 
slower early in training, Trials 21 32, 
t 18) 2.16, p « .05, and faster 
late in training, Trials 85-06, ¢ (18) 
2.76, p — .02.. However, no reli- 
able performance difference prevailed 
between the 100^; and 506€; groups? 
over Trials 1-12 or 53-64. . 
Figure 1 presents response speeds 
for the two 96 trial groups. The 
12, 32, and 64 trial groups were not pre- 
sented in Fig. 1 because they did not 
differ significantly from the 96 groups 
at any point in training, In order t? 
determine if there were any reliable 
differences in response speed following 
R and NR trials, the speeds of the H^ 
50 group were separated into pon 
and post-NR speeds. The two light 
lines in Fig. 1 represent these spec? 
in blocks of four R or NR tria - 
The two heavy lines represent E 
overall speed of the 96-100 and 967 
groups, blocked in units of eight tri 


percentage of reinforcement 


. " 3 Ss 
As is apparent from Fig. 1, all ee 
consistently ran fastest after an + 


trial. When analyzed over all Is 
blocks of post-R and post-NR AT 
this difference in speed was x c 
reliable; ; (9) = 8.60, p < 01. ! T 
response speeds of the 100% SS ja 
evaluated separately against the M. 
Rand post-NR speeds of the 5076 B 


— 


REWARD- TRIAL 


60 


BLOCKS OF 


; Mia. fh 
n units of eight acquisition trials. 


VARIABLES IN LEVER PRESSING 


wn 
~ 
~1 


CQUISITION TRIALS 


Mean response speed for the 90 100 and 96-50 groups (the heavy lines) blocked 
(The two light lines represent the within-Ss response speeds, 


n blocks of four trials, after nonreinforced, P-NW, and after reinforced, P-R, trials.) 


Using the initial three and final three 
locks of four acquisition trials. — It 
Was found that the 100€5 Ss ran 
Significantly slower than the 506, 
Ss after NR trials, on both initial 
and final blocks of acquisition trials 
! (18) = 4.48, 2.28; p < .01 and .05, 
lTespectively; however, the speed of 
the 100% group did not differ sig- 
nificantly from that of the 50°% 
group after R trials, for either the 
initial or final blocks of acquisition 
training. 

Extinction. speeds.— The. effects. of 
percentage of reward, number of train- 
ing trials, and blocks of extinction 
trials were analyzed by means of a 
three-dimensional mixed design. Re- 
Sponse speed was an increasing func- 
tion of number of prior acquisition 
trials, [5 (3, 72) = 50.53, p < .001, 
UU not of prior 50( or 100€c reward. 

he decrement in extinction speed 
Over the first four blocks of trials was 
“nilicant, F (3, 216) = 128.70, 


p «001; however, the only sig- 
nificant interaction was between ac- 
trials and percentage of 
reward, F (3, 72) = 649, p < .001, 
leading to an examination of the 
simple effects of these two variables. 
For the 96 trial groups, 50°¢ reward 
led to significantly slower extinction 
than 100°% reward, ¢ (18) dip. 
p < 01, while the converse was true 
for the 32 trial groups, ¢ (18) = 2.61, 
p X .05. No significant. differences 
were found between extinction speeds 
of the 100€; and 50°% Ss in the 12 and 
64 trial groups. The control group 
was significantly slower than the 
slowest experimental group, Group 
12-50, on both extinction speed, 
t (18) 7.78, p .01, and trials to 
extinction, / (18) = 5.17, p < .01. 
Trials to extinclion.—Vigure 2 dis- 
plays the number of trials to extinc- 
tion plotted in terms of 10-, 5-, 3., 
and l-min. extinction criteria. Using 
a more stringent criterion merely 
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lowered the extinction gradient with- 
out changing its form. Since the out- 
come of the four separate analyses of 
variance for each criterion were es- 
sentially the same, only the results 
from the 10-min. criterion are dis- 
cussed. Number of training trials, 
F (3, 72) = 2446, p < .001; per- 
centage of reward, F (1, 42) = 10.78, 
p < .005; and the interaction of these 
variables, F (3, 72) = 6.05, Pp «005, 
were all highly reliable determiners of 
extinction performance. From Fig. 2 
it was apparent that, through 64 
trials, 100% reward yielded greater 
resistance to extinction than 50% 
reward. Statistically, this finding was 
confirmed after 12, ; (18) = 5.59, 
p «.01, and 32, t (18)=2.91, p< 01. 
acquisition trials, but not after 64 or 
96 trials. Closer examination of the 
extinction gradient of the 100% Ss, 
using the Newman-Keuls test ( 
1962), showed no significant 
in trials to extinction after 32 acquisi- 
tion trials, a result similar to the late 
extinction findings of Hill & Spear 
(1963). [n contrast to the 100% Ss, 
the 50% Ss showed an orderly in. 


Winer, 
change 


Trials to extinction under the 10-, 5- 
of the number of prior acquisition tria 


COPS: 110% Fak 


à " " . » E “tion 
| 3», and I-min, extinction criteria as a functi¢ 
ls at either 50^; or 1006; reinforcement. 


E Sco o 
crease in trials to extinction from 12 t 
96 prior acquisition trials. 


Disccsstox 
In the present study the large frustra- 
tion effect, shown by the significant 
superiority of the 96-50 group over the 
96-100 group near the end of acquisition. 
resembled the runway findings of Good- 
rich (1959), Wagner (1961), and Wein- 
stock (1958). However, unlike pipas 
runway studies, the faster speeds of u 
50% Ss were due to a gain in total spec 
after R trials, rather than any change 
in speed after NR trials. In fact, the 
persistent difference in speed after £5 
and R trials was similar to the effec e 
of frustration on second alley respons” 
speed in the double runway use 
Amsel and Roussel (1952) and others. 
The late increase in speed following i- 
trials may have been due to the gener 
zation of frustration from post- 
trials to post-R trials. ; 
Turning to extinction, the grade 
obtained in this study after 100% rewa" 
resemble those of free operant mes 
tioning more than those of m 
experiments. Certainly there was ` 
evidence of decreased resistance > 
extinction with overlearning, as has ?* 


its 


en 
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observed in runways under conditions of the discrimination habit established 
of 1007 reward. On the other hand, during fixed-ratio reinforcement. J. exp. 
2 t 32, - erhal 5 50-156 
after large amounts of training on 100% Psychol, 1957, 54, 450—456. 
reward, Dyar, J. A. & Horraxp, T. A. Resistance 


the increase in resistance to 
extinction was certainly much less than 
is typical of free operant conditioning. 
Further, the lack of the usual partial- 
reinforcement superiority in trials to 
extinction is contrary to the usual 
‘ndings in both free-operant and dis- 
Crete-trial extinction. 

While the present. results do not 
account for the difference in resistance to 
extinction observed in free-operant and 
discrete-trial responding, they do point 
Out that the introduction of a discrete 
trial was not sufficient to change bar- 
Pressing behavior to that expected in 
the discrete-trial runway. Possibly the 
relatively extensive pretraining, neces- 
sary to get S to drink, bar pre and 
acquire the chained response, provide 
Sufficient partial reinforcement that the 
Mtroduction of partial reinforcement of 
the chained response, during acquisition, 
had little effect on extinction. behavior. 
t would seem that an investigation of 
the effects of varying amounts of pre- 
training of the bar press, and of a 
Tesponse more easily trained than the 
ar press, is in order. 
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TEST FOR A LEARNED DRIVE BISEN 
ON THE HUNGER DRIVE ! 


JOHN H. WRIGHT: 


University 


On 24 occasions ox 


f Virgi 


rit 36-day period, 42 male albino rat- were placed 


in distinctive boxes for 1 hr. when 1 hr. hungry and in qualitatively 


diferent boxes for 1 hr. when approximately 20 hr. hungry, 
assigned to each of 3 conditions of delay of return to home « t 
food following strong-drive training: 
and food, (b) immediate return tol 
(c) delayed return to both home c. 


1H Ss were 
age and 
a) immediate return to home« age 
cage but with food delaved, and 


and food. Later, Ss were given 


a l-hr. eating period in each box under H-hr. hunger. Signiticantly 


more food was eaten in the strong 


Many experiments have shown that 
learned drive is established when a 
neutral stimulus is repeatedly paired 
with the onset of a primary drive 
state. In practically all of the at- 
tempts to establish learned drive, 
however, the procedure has been to 
pair a neutral stimulus with the onset 
of a primary aversive drive state such 
as pain produced by electric shock 
(e.g., Brown & Jacobs, 1949; May, 
1948; Miller, 1948). To extend the 
generality of the concept of learned 
drive, investigators have attempted 
to demonstrate the motivating cf- 
ficacy of a stimulus paired with the 
onset of a primary appetitive drive 
state such as hunger or thirst. How- 
ever, most of the attempts to demon- 
strate learned drive in this manner 


1 This investigation was supported in part 
by a Public Health Service Grant (No. MH- 
04920) to Frank W. Finger and L. 
Reid and is based on a dissert 
to the Graduate Faculty 
of Virginia in partial fulfilln 
ments for the PhD degree, 
acknowledge the 


Starling 
ation submitted 
of the University 
‘ent of the require- 
The author Wishes 
a t assistance throughout 
the course of the investigation of J, Starling 
Reid. A preliminary report of the results of 
this study was presented at the September 2, 
1963 meeting of the American Psychological 
ssociation. 
I at Wake Forest College, 


"drive than in the weak-drive box by 
all groups with Ss of Cond. b tending to cat 


box and less in the weak-drive box than Ss of Cone 


more in the -trong-drive 
la and c. 


have been unsuccessful (e.g., Howard 
& Young, 1962; Myers X Miller, 
1954; Novin & Miller, 1962; Sicgel Š 
MacDonnell, 1954), 

One of the few studies to report 
positive evidence for learned appet 
live drive is that of Calvin, Bicknell, 
and Sperling (1953). ‘These investi- 
gators placed rats in a distinctive a 
for } hr. daily, one group under wea’ 
hunger and a second group ander 
strong hunger. When later placet 
in the box under an intermediate 
level of primary hunger and give” 
food for the first time, the "ipid 
drive group ate slightly but SI" 
nificantly more than the weak-drlv* 
group. The authors attributed d 
difference in intake to the condition” 
ing of hunger to the cues of the be 
in the case of the animals ieaie 
under strong hunger. A replica or 
of this study by Siegel and iX 
Donnell (1954), however, failed 
confirm these results, qe 

The experiment to be reported md 
resents a further attempt to dena 
strate a learned drive based on hunk 
The procedure employed was simi = 
to that of Calvin et al. (1953) “ig 
Siegel and MacDonnell (1S4. S 
the present study, however, cac? 
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LEARNED DRIVE 
Was placed in a distinctive box under 
weak hunger and in a qualitativels 
different box under strong hunger and 
Was later tested both boxes under 
an intermediate: level of primary 
hunger, During training Ss 
Maintained on eyelic food deprivation 
and were placed daily in the drive- 
training boxes under the appropriate 
level of hunger. Since daily feeding 
necessarily followed closely strong- 
drive training, and could be a possible 
factor responsible for greater intake 
in the strong-drive than in the weak- 
drive box, Ss were assigned to three 
conditions of delay of return to the 
home cage and food following strong- 
drive training: (a) immediate return 
to home cage and food, (b) immediate 
return to home cage but with food 
delayed, and (0) delay in a neutral 
box before return to home cage and 
tood, 


were 


METHOD 


SNubjects.— The Ss consisted 12. experi- 
mentally naive, male albino rats of the W istar 
Strain, They ranged from 83 through 90 days 
Of age at the beginning of the habituation 
phase of the experiment. 

Apparatus and general environmental condi- 
tions. — The Ss, housed individually in 7X 7X 
10 in. home cages throughout the experiment, 
were located in a small, relatively quiet room 
in which the temperature varied from 80 
through 86° F. No attempt was made to 
control or to record humidity. The light-dark 
eyele was automatically controlled and con- 
sted of two 12-hr. periods. 

Forty-two wooden boxes (inside dimensions 
77X10 in.) were used as the drive-training 
boxes. A hole in the lower front end of each 
box constituted the major source of illumina- 
tion and ventilation; through this hole was 
inserted the mouth of a drinking tube during 
testing. The interior of 21 of the boxes 
Was painted flat black, the remaining 21 flat 
White, The interior of the wooden delay 
boxes (inside dimensions 6 X 6 X9 in.) was 
Unpainted. 

Procedure. —The two major independent 
Variables were strength of drive during 
ira ‘ining and delay of return to the home cage 
"fter drive training. The Ss were maintained 
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throughout the experiment on 


leitelbaum 


a liquid diet 
and Campbell 


described bhy 


1958). Following a 10-day period of adjust- 
ment to a 22-hr. evelie food-deprivation 
schedule, a 30-day period of training was 
begun. During this period Ss received in 


random order weak-drive training on 12 of 
the days. the 
davs, and both and strong-drive 
training on 12 of the davs. Drive training 
consisted of placing S in a box under the 
appropriate level of hunger for a period of 1 
hr. Thus, over the 30 days of training all 
sak-drive and 24 strong-drive 


strong-drive training on 12 of 
weak- 


Ss received 24 w 
training "tri 

Fourteen 
each of the three conditions of delay of return 
to the home cage and food following strong- 
drive training. These conditions were: 
Group lb immediate return to home cage 
and food after strong-drive training; Group 
IL immediate return to the home cage after 
strong-drive training but with food delaved 
k hr; and Group l= delayed $ hr in a 
neutral box before return to home cage and 
food after strong-drive training. Because 
no food followed weak-drive training, Groups 
Land I were treated identically at this time, 
both being returned to the home cage. 
Group HT was delayed } hr. before return 
to the home cage after weak-drive training. 

Half the Ss in each delay group received 
weak-drive training in a black box and strong- 
drive training in a white boxs. For the re- 
maining half of each group the opposite v 
the case. All groups began weak-drive 
training under 1 hr. of hunger. Groups ll 
and Ill began strong-drive training under 
20.5 hr. of hunger and Group I under 21 hr. of 
hunger. 

On the day following the last day of train- 
ing Ss were fed at the usual time. Eleven 
hours following this eating period the first 
of the two I-hr. tests was begun. The tests 
consisted of permitting S to eat in the weak- 
and strong-drive boxes for the first time. 
Ten hours following Test 1 daily feeding was 
again given at the usual time. Twenty-two 
hours later Ss were fed as usual and 11 hr. 
later the second I-hr. test was begun. 

For each delay condition, box color was 
counterbalanced during testing. Half of each 
group was tested first. in black box and 
second à white box; the remaining half 
of each group was tested first in a white box 
and second in a black box. Within the 
restrictions imposed by the counterbalancing 
of box color during testing, the box in which 
weak and strong hunger had been experienced 
was also counterbalanced during testing. 


Ss were assigned at random to 
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Fic. 1. Mean food intake for the three delay groups tested in the 


weak-drive and strong-drive boxes, 


Thus, eight Ss in each delay group were 
tested first in the box in which strong hunger 
had been experienced and second in the box 
in which weak hunger had been experienced, 
The remaining six .Ss of each delay group 
were tested first in the weak-drive hox and 
second in the strony-drive box. 


RESULTS 


The results of the two tests sepa- 
rately present a somewhat different 
picture. However, these dilferences 
are for the most part attributable to 
factors which were counterbalanced 
over the two tests, For this reason 
only the intake data for both tests 
combined will be considered, 

Mean l-hr. food intake for the 
three delay groups tested in the weak- 
and strong-drive boxes is presented 
in Fig. 1. As was the case for each 
of the two tests considered sepa- 
rately, strong-drive training led to 
significantly more intake during test- 
ing than weak-drive training, F (1, 30) 
—55.00, p «.001. Furthermore, this 
effect was significant for all conditions 
of delay, p < .025. Thus, all groups 


ate reliably more in the strong-drive 
than in the weak-drive boxes. . 

Although not significant as a main 
effect. the delay variable interacted 
significantly with drive-training level, 
FQ, 30) = 5.52, p< 01. That 
this interaction Was mainly due to the 
difference of Group II from Groups ! 
and IJI is suggested. by individual 
comparisons, which revealed a tend- 
ency for Group |I to eat more than 
Groups I and III during the strong- 
drive test but less than these groups 
during the weak-drive test. 


Discussion 

The finding of significantly greater 
take in the strong-drive than in the 
weak-drive boxes for all delay groups 
stems to demonstrate energizing effects 
on COnsummatory behavior of cues 
Previously paired with hunger. Ties 
results provide evidence for conditione 
nager and are in agreement with the 
findings of Calvin et al. (1953). f 

-..POSsible reason for the failure O 
Previous studies to demonstrate learne 
appetitive drive is the fact that the 
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onset of most appetitively induced drive 
States occurs too gradually to enable a 
stimulus to be paired effectively with a 
rapid increment in drive. Fromer (1962) 
obtained only weak conditioned fear 
when the onset of a painful electric 
shock paired with a neutral stimulus 
Was very gradual, presumably paralleling 
the onset of an appetitive drive such as 
hunger. This problem has led investi- 
gators (e.g., Andersson & Larsson, 1956; 
Novin & Miller, 1962) to search for 
experimental procedures which induce 
appetitive drive more rapidly than 
deprivation, but such attempts have not 
resulted in the successful demonstration 
of acquired appetitive drive. 

The use of a within-S experimental 
design may account for why positive 
evidence. for conditioned hunger was 
found in the present experiment. In 
addition to the greater statistical preci- 
sion of within-S designs, it has been 
Shown that larger absolute performance 
differences occur. between experimental 
conditions administered to the same Ss 
than when these conditions are ad- 
Ministered to separate groups of Ss 
(Grice & Hunter, 1964). 

It is obvious, however, that condi- 
tioned hunger cannot account for the 
significant interaction of drive-training 
level with delay of return to home cage 
and food. Furthermore, this interaction 
cannot be accounted for by assuming 
that the close temporal proximity of 
strong-drive training to daily feeding led 
to the conditioning of r, to the cues of 
the strong-drive box. On the basis of r, 
theory (Spence, 1956) one would expect 
greater conditioning of r, and, conse- 
quently, greater strong-drive-box intake 
by Group I than by Groups II and III 
because for Group I food immediately 
followed strong-drive training. As can 
be seen from Fig. 1, however, the strong- 
drive-box intake of Group I failed to 
differ from that of Group III and, in 
addition, was actually less than that of 


Group II. 
On the other hand, the procedure 


followed for Group II resembles quite 
Strikingly procedures which have been 


83 


on 


employed in experimental studies of 
frustration. The Ss of Group II, be- 
cause of their return to the home cage 
in the absence of food following training 
under strong drive, were placed in the 
presence of stimuli to which the primary 
eating response is strongly associated. 
The absence of food in this situation 
could well have produced primary frus- 
tration. Many studies (e.g, Amsel & 
Hancock, 1957; Amsel & Roussel, 1952: 
Amsel & Ward, 1954) have shown that 
primary frustration is produced when 
food reward is withheld from a hungry 
rat in a situation in which he has previ- 
ously been consistently rewarded. It 
ms reasonable that the conditioning 
of frustration to the cues of the strong- 
drive box in the case of Group II could 
account for the greater strong-drive in- 
take by this group than by Groups I and 
HI. On the other hand, it should be 
noted that the presence of frustration 
conditioned to the cues of the strong- 
drive, but not the weak-drive box, could 
also account for the overall difference 
of strong- vs. weak-drive training and, 
thus, obviate the need to interpret the 
present results in terms of conditioned 
hunger. However, a source of condi- 
tioned frustration, clearly present in 
the case of Group II, cannot readily be 
identified for Groups I and ITI. 

The only noteworthy point concern- 
ing the ordering of groups for the weak- 
drive test is the smaller intake of Group 
II as compared with Groups I and III, 
and this may also be accounted for in 
terms of a frustration hypothesis. The 
elicitation of conditioned frustration by 
the cues of the strong-drive box in the 
case of Group II could well have pro- 
vided the basis for a superior dis- 
crimination between the weak- and 
strong-drive boxes on the part of this 
group. Although evidence on this point 
is meager, Amsel and Ward (1954) have 
presented findings which suggest that 
frustration-produced stimuli may serve 
as discriminative stimuli. 

It is clear that the results of the 
present experiment cannot be accounted 


for solely in terms of conditioned hunger, 


SI 
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While the overall ditference of strong- 
vs. weak-drive training may be. inter- 
prerod best in terms of conditioned 
hunger, a  conditioned-frustration hy- 
pothesis is needed to account for the 
difference of Group IT from Groups I and 


II. 
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INTRASESSION ADAPTATION AND INTERSESSION 


CHARL 


ENTINCTION OF THE COMPONENTS OF 
THE ORIENTING RESPONSE ! 


S R. GM.BRECHELE, ROSCOE A. 
asp TETSUKO SUZUKI 


University of Arkansas Medical Center 


Intrasession (adaptation) and intersession (extinction) changes in the 
skin resistance (SR), heart rate (HR), respiratory rate (RR), and muscle 
action potentials (MP) components of the orienting response (OR) to 
auditory stimuli of moderate intensity were compared. Adaptation and 
extinction curves were verv similar in SR and similar in MP. There 
was essentially no evidence of adaptation or extinction in HR and RR 
or indeed svstematie responsiveness. These findings support the 
logical inference: Adaptation and extinction. are equivalent processes 
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mediated by the same neural mechanisms. 
ences in prestimulus levels of SR did not affect response 


Significant bilateral differ- 
s;in each system 


Ss maintained their rank-order position in the group across sessions; the 
responses studied provided little evidence of startle components; and the 


gene 


hot related to arousal levels as measured by prestimulus 


functioning. 


Research on the orienting response 
(OR) has been greatly stimulated by 
the work of Sokolov (1960, 1963). 
Sokolov (1960) defines the OR as a 
response produced by any novelty in 
the environment. lle says the OR 
has three general properties: lt is 
nonspecific as regards the modality 
and the intensity of the stimulus and 
is subject to habituation or extinction. 
The OR, according to Sokolov, may 
be discriminated from “two other 
general types of unconditioned re- 
llexes—the adaptive reflex and the 
defensive reflex [p. 189]" The 
normal adaptive reaction to warmth, 
Cg., IS vasodilation in both head and 
hand. But the first few presentations 


‘This investigation was supported in part 
by Grant MIT-01091 and continuations 
thereof from the National Institute of Mental 
Health, United States Public Health Service, 
Bethesda, Maryland. The work of R. A. 
Dykman was supported by a career develop- 
Ment award (MH-2504) from the National 
Institute of Mental Health. In addition, a 
Corollary grant to MH-2504 (CM-00001 was 


“Sed to support this work. 
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rally larger reactions in SR and MP on the Ist tone each day were 


levels of 


of warmth dilate the blood vessels of 
the head and constrict those of the 
finger, the latter pattern being pre- 
sumably the common effects of a 
great variety of novel stimuli. 
Sokolov has studied only some com- 

ponents of the OR, and it remains to 
be seen whether different orienting 
stimuli do indeed have the common 
effects he assumes. We predict, e.g., 
that studies involving a reasonable 
sample of bodily functions will reveal 
important differences between ORs to 
visual and auditory stimuli. We cer- 
tainly must discriminate general 
bodily effects such as changes in heart 
rate (IIR), respiratory rate (RR), 
skin resistance (SR), and muscle ac- 
tion potentials (AEP) from more 
specific or localized bodily effects such 
as gastrointestinal secretions to a 
specific food, flexion. to shock, vaso- 
dilation to warmth, and motor-orient- 
ing reactions, The best way to do 
this -indeed the only wav to 
attempt to classify reactions, as 
Sokolov does, on the basis of their 


is 


en 
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wmm | or specificitv with respect 
S | s 
se cupi point of view, the OR is 
a gross-organismic response clicited 
by any stimulus of the CS class which 
excludes all incentive agents and 
noxious stimuli. The OR includes 
only those components that appear 
reliably the first time or two the stim- 
ulus is presented. But the compon- 
ents vary within and between species: 
e.g., nonreinforced tones increase HIR 
in most dogs but rarely do in humans 
(Dykman & Gantt, 1959; Dykman, 
Reese, Galbrecht, & Thomasson, 
1959; Robinson & Gantt, 1947). Fur- 
ther, the OR has both specific com- 
ponents—stimulus-directed move- 
ments such as eyelid changes and 
motor orientation of the head—and 
nonspecific components general au- 
tonomic reactions and changes in tone 
in muscles not used in 
signals, 

Some question may arise as to 
whether reactions to simple stimuli 
presented on a fixed time sequence, as 
in the present experiment, qualify as 
ORs. Pavlov (1927, p. 29) would 
classify such reactions as ORs, Soko- 
lov would, and we do. Further, to 
view reactions to simple stimuli as 
ORs, relates relatively insignificant 
units of behavior to larger units of 
behavior, curiosity, and exploration, 

A number of American investigators 
have studied the OR, or the equiva- 
lent reaction under other names 
(Darrow, 1929). The literature re- 
viewed here will be confined to 
researches most pertinent to the 
present investigation. At least two 
studies indicate that the GSR com. 
ponent of the OR habituates by the 
fifth trial (Bitterman & Holtzman, 
1952; Howe, 1958) Spontaneous 
recovery of the GSR component has 
also been shown in a test-retest 
situation with faster habituation on 


orienting to 
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retest 6-8 wk. later ( Rachman, 1960). 
Davis, Buchwald, and Frankmann 
(1955), in one of the best multiple- 


component studies ever done on 
reactions to auditory signals, des 
ported on the effects of tri: anc 


intensity of stimuli. Davis et al. 
(1955) and Davis (1953) show habit 
uation gradients for MP. The MI 
component had a short latency, 200- 
300 msec., suggesting that a startle 
reflex preceded the OR. 

Dykman et al. (1959) provided 
information concerning GSR, RR, 
and HR components of the OR m 
humans, the GSR component being 
most consistent. The GSR clearly 
decreased in magnitude but did p 
completely extinguish in a series of 1* 
tones spaced at 1-min. intervals. ! 

Allen, Hill, and Wickens (1963) in- 
vestigated the OR as a “formation b 
temporal relations among stimuli. 
with GSR the measure [p. 300 ]. 
Corah and Stern (1963) ; 
adaptation of the GSR component ol 
the OR in children with a more rapid 
habituation in the second daily session 
than the first. They also reported 
habituation of spontancous activity 
in SR. (nonstimulus coupled oscilla- 
tions) which neither we (Wilson e 
Dykman, 1960), Lacey and Lace} 
(1958a), nor Johnson (1963) found. 
Unger (1964) studied the vasocon- 
strictive component of the OR t9 
acoustically novel stimuli and pee 
evidence of adaptation within a sing" 
Session in most Ss, Some investiga 
tors attempt to maintain a high mae 
of novelty by variation of stimulus 
Parameters, ‘By contrast, this studs 
is restricted to a single tone presente 
at fixed intervals with the aim a 
minimizing the number of variable 
involved in adaptation or extinction. 

The present report represent?» 
continuation of our studies of the f 3. 
and provides information on (a) intr? 


rept rted 


Y, — 


INTER. AND INTRASESSION 
and intersession gradients and their 
interrelationship: (5) the relation of 
responses to arousal or system activa- 
tion as detined by prestimulus levels 
of functioning; (c) relationships be- 
tween different techniques of scoring 
physiological responses; (d) bilateral 
differences in SR and MP; (e) startle 
components of the OR as reilected by 
MP; and (£) adaptation of physio- 
logical background activity. 


METHOD 


Subjects. The Ss were 20 male freshman 
medical students between 20 and 22 yr. of aye. 
hey were given no information concerning 
the nature of the experiment other than that 
the study involved eight daily sessions and 
that they would be paid $2.00 per session. 
The Ss were instructed. not to discuss the 
procedures among themselves. 

Apparatus —The instrumentation has been 
described in detail elsewhere (Dykman, Ack- 
erman, Galbrecht, & Reese, 1963). In brief, 
SR was recorded by two Fels dermohmmeters 
and two Esterline--Angus recorders; HR by a 
Fels cardiotachometer and  Epsco galve 
nometer; RR by a Statham strain gauge, 
Epsco carrier preamplifier, and Epsco galva- 
nometer; and MP by Epsco integrator pre- 
amplifiers and galvanometers. The Epsco 
Preamplifiers sum the MP occurring in each 
-3-sec. interval, the height of the tracing being 
a relative measure of the total activity during 
the period. Instrumentation errors which 
could produce systematic differences in SR 
levels on the two sides of the body were con- 
trolled by a random alternation of dermohm- 
meters among Ss and by a careful balancing 
of the meters. 

Procedure.—Upon arrival at the labora- 
tory, S was told to wash his feet, this to insure 
a clean site for the SR electrodes. He was 
then seated in an upholstered chair with his 
feet resting on an ottoman, the chair located 
in a sound-shielded room isolating him from 
Es and the recording apparatus. Two SR 
electrodes (cup-type with zinc plate and filled 
With zinc sulphate) were fastened to each leg, 
One on the inferior surface of the plantar arch 
and the other just superior to the internal 
malleolus. Standard HR electrodes saturated 
Vith Sanborn jelly were attached to the two 
Wrists, or, on occasion, to the left wrist and 
right leg, depending upon the lead giving the 
argest R wave. A pneumograph was placed 
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around the chest or abdomen at the point of 
maximum expansion. The MP was recorded 
from two EEG electrodes on cach arm, 2 in 
ipart on the midpoint of the right and left 
forearms over the flexor carpi radialis and 
flexor digitorum sublimus muscles. A set of 
earphones cushioned by sponge rubber was 
placed on S's head and he was left alone in 
the room. 

The S was instructed over a loudspeaker 
to stay awake and to keep his head and eyes 
turned toward the front. Basal recordings 
were then made for 5 min., followed by a 
series of 12 tones, each 800 cps, 60 db., and 
in duration. The intertone interval 
was 1 min. + 5 sec., the variations enabling 
the presentation of tones at the peak of 
inspiration. An experimental session ter- 
minated with a stimulus-free period of 3 min. 
It was not possible to run Ss for 8 consecutive 
days, and intersession intervals varied from 
2103 days. The procedures for each session 
were identical. 

Physiological measures.—Prestimulus levels 
of functioning were measured as follows: for 
SR, the exact level in ohms at the onset of 
each tone; for HR, the shortest interval be- 
tween any two consecutive R waves during 
the 5-sec period just preceding each tone; for 
RR, the mean duration of the two cycles just 
preceding cach tone; and for MP, the ampli- 
tude in microvolts of the highest tracing 
occurring in the 5-sec. period preceding each 
tone. The stimulus level for SR was the 
lowest level in ohms during a 20-sec. period 
following the onset of each tone (maximum 
response level); for HR, the shortest interval 
between any two consecutive R waves during 
each tone; for RR, the mean duration of the 
two cycles immediately following the onset 
of each tone; and for MP, the amplitude of 
the highest tracing during each tone. The 
RR was easy to score, since the tones were 
given at the peak of inspiration. The R-R 
interval in HR is displayed as beats per 
minute by the Fels cardiotachometer. 

. The amount of background activity (BA) 
in each of the several systems was determined 
as follows. The SR and HR records of each 
Sin the initial rest period were divided into 
intervals of 15 sec. For SR, a background 
interval (BI) was scored if a discrete and 
transient decrease of at least 800 ohms oc- 
curred in the interval. For HR, each 15-sec. 
interval was divided into 5-sec. subintervals, 
and a BI was scored if the maximal rate in a 
S-sec, subinterval was at least 6 beats/min 
higher than the maximal rate in the preceding 
period of 5 sec. The methods used here to 
score BA in SR and HR are similar to those 


5 sec. 
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devised originally by Laces and EL 1 
(1958a:.. The evaluation of BA ia MP wa- 
comparable to that in HR: BI was scored 
if the hi i i i 

f 5 sec. was at least twice the highest tr, 
of 5 sec. wi 


chest tracing in a given subinte 


al 


occurring in the immediately preceding 5-si 
thinterval. A 

Ecc of Bis for RR wa de MIU in 
earlier work (Wilbon & Dy Rman, 1900 : 
For cach 5 the mean duration and amplitude 
of all cycles in cach I-min. segment of the 
initial rest period were derived. Then, any 
cycle having an inspiratory peak of le-s than 
50°, of the mean amplitude for the spec iic 
1-min. interval in which it occurred was in- 
corporated into the previous respiratory c ye le. 
‘This increased the length of any cycle fol- 
lowed by low-amplitude activity. Finally, 
any cycle (reconstructed or otherwise) was 
scored as BA if it deviated in duration a: 
least +50% from the average cvele of the 
1-min. period in which it occurred. 

Scaling of autonomic responses.- “Norms” 
developed in an earlier study (Dykman et al., 
1963) were employed. In brief, graphs were 
constructed in which the stimulus levels of 
greatest. magnitude in cach 
plotted for successive Prestimulus subranges 
in experiments involy ing tones, questions, and 
digit-recall exercis 5. Once the highest 
stimulus levels (lowest value in ohms for SR, 
shortest cycle time in RR, and fastest rate 
in HR) were obtained for each of the 
stimulus subranges, a line 


System were 


pre- 
was drawn by 


inspection to just bound all responses, The 
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for each tone in each of four sessions, 


denned arbi- 


zero devel of 
ge from the prestimulus 
tin ohms in SR and 
LRR. Ater these two 
trueted 


them was divided inte 10 equal parts 


response As 


level. or by an incre, 
l tion in HK. 


the area be- 


WHR a wore of 10 indicating a maximal 
respon The SR and. RR graphs were 
triangular in ipe. banning our with in- 
creasing prestimulu- level In HR, there 


Was no attentuation of the range of responsive- 
ness at the different prestimulus level. A 
comparable sealing method for MP has not 
Yet been developed and in this study the 
conventional sHimulus-prestimulus ditference 
scores were used. 

Phe graphic method considers the regres- 
sion of stimulus levels on prestimulus levels 
and allows doro homoseedasticity (Lacey, 
19565. AS now derived, only | 
responses obtain a score of at least two. Of 
the 1920 responses scored in each system, only 
18 75, of the GSRs, Al 5 of the HR changes, 
307 of 


significant 


the RR changes received a ly 
score of two or more. For purposes ol eu 
trast, we shall also present the SR, HR, anc 
RR data in terms of difference scores pee 
levels minus prestimulus levels; and E 
scores (stimulus ke vels/prestimulus levels): 


Risu 


Adaptation and extinction- Lor 
convenience in exposition, we arbi- 
trarily defined adaptation as a re- 
sponse decrement within single ses- 
sions and extinction as a response 
decrement between sessions. The e 
of the term adaptation is questionab » 
There is, however, some pracedas 
Lindsley (1951, p. 407) uses it aa 
denote intrasession gradients of the 
GSR and EEG. On this point it may 


be worthwhile to point out that pe 
terms commonly used to amen 
response diminutions, adaptation: n E 
bituation, and extinction, are IP 
adequate jn one way or amuses 
Adaptation generally denotes camples 
adjustments, habituation has as 1S 


root habit, and extinction conveys the 
meaning of the complete disappear- 


ance of a response which is rarely (if 
ever) the cas 
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Figure 1 presents the mean scaled 
Score, Fig. 2 the mean difference score, 
and Fig. 3 the median stimulus 
prestimulus ratio in SR for each tone 
in Sessions 1, 2, 4, and 8. Only the 
left-side curves are shown, but the 
right-side curves were almost iden- 
tical. The dotted lines in Fig. 3 
represent the function 


k 


(S/PSy = 1 = / (0.8) (0.8) 
D I 


where: 


(S/PS)' is the predicted value of 
the median on any trial on any day, 
D is the session number (1-8), 7 is 
the trial number (1-12), k is a con- 
stant equal to 1 = (S1/PS)), and S, 
is the stimulus level and PS, the pre- 
stimulus level for the first tone on 
the first dav. A number of mathe- 
Matical equations were applied to the 
empirical. data, but the hyperbolic 
Unction appeared by inspection to 
Provide the best fit. 


It may be seen that Fig. 1 3 inclu- 
sive provide roughly comparable in- 
formation, although significant events 
are masked to some extent by the 
cruder scaled scores. l 

In order to determine the number of 
Ss who adapted and the number who 
extinguished in each. system in terms 
ol difference scores, scaled scores, and 
ratio scores, the following procedures 
were employed. For a given system 
and kind of score, the mean response 
to each tone over all sessions was 
derived for each S. The S was then 
considered to have adapted if at least 
five of the following six criteria were 
met: the mean response to Tone 1 
> the mean response to Tone 10, to 
lone 11, and to Tone 12; the mean 
response to Tone 2 > that to Tone 10, 
to Tone 11, and to Tone 12. "Re- 
verse" adaptation effects were in- 
dicated by smaller mean responses to 
lones 1 and 2 than to Tones 10, 11, 
and 12. Extinction was said to be 
present if S satisfied at least five of 
the following six criteria: the mean 
tones on Session 1 


response to all 
> the mean response to all tones on 
S ion 7, and on Session 
8: 


sion 6, on Se 
; the mean response to all tones on 
Session 2 > that to all tones on 
Session 6, on Session 7, and on Session 
8. Reverse habituation effects were 
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for each tone in each of four sessions. 
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FABLE 1 


NUMBER OF Ss CLASSIFIED ACCORDING 10 


CONJOINT PRESENCE OR ABSENCE OF 
f ADAPTATION AND EXTINCTION 
EFFECTS 
System 
Classification == ——— 

SR HR RR 
13*(13*) 0(0) 2*(2*) 

1 (1) 11) 0 (0) 

5*(5*) 3(4) 2 (2) 

0 (0) 0(1) 2*í3*) i 
0 (0) l(1) 0 (0) 0 0, 
0 (0) 2(2) 2 (2) 0 (0j 
10) | 201) 5*4 1 (4) 
0 (0) | 4(4) 2 ! 0 (i 
0 (0) | 7(60 | S (5) 0 (3) 


5 by binomial expansion. 


indicated by smaller mean responses 
in Sessions 1 and 2 than in Sessions 
6, 7,and 8. These criteria, admittedly 
crude, were designed to 
to a linear trend. 

The conjoint presence or absence 
of adaptation and extinction effects 
for each S in each System was deter- 
mined as follows. A given S was 
first classified as showing adaptation, 
reverse adaptation, or no intrasession 
gradient; and then as showing extinc- 
tion, reverse extinction, or no inter- 
session gradient. Table 1 shows, for 
cach system, the number of Ss in each 
of nine possible classifications, 
the three kinds of response 
provided similar results, the fir 
presented in Table 1 are based upon 
difference scores only, Adaptation is 
denoted by the symbol A+, reverse 
adaptation by A~, ang 
by Ao. The E symbols 
parable meanings except that they 
refer to extinction. It may be seen, 
e.g, that 13 Ss adapted and extin. 
guished in SR. Each number in 
parentheses in Table 1 is a classifica 
tion of Ss using Tones 6, 7, and 8 
rather than Tones 10, 11, and 12 as 


the end points in the assessment of 
adaptation. 


be sensitive 


Since 
scores 
ndings 


no gradient 
have com- 
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It will be noted that in SK 
MP, a significant number 
exhibited both adaptation and ex- 
tinction, although the conjoint. pres- 


and in 


of Ss 


ence of both processes was more 
pronounced in SR. On the other 
hand, both SR and MP findings 


provided some evidence of adaptation 
in the absence of extinction. 
Table 2 scaled-score re- 
sults. The expected percentage ol 
responses with a scaled score of 2.0 
or more for cach day or cach tone 15 
18% for SR, 316; for FIR, 30€% for 
RR. It will be noted that SR 
adaptation and extinction gradients 
are similar through the first cight 
tones and 8 days, and that there is no 
evidence of systematic adaptation and 
extinction in HR or RR. ] 
Table 3 shows, of the number of Ss 
who reacted more to Tone 1 than to 
Tone 2 each day in SR, the number 
who also reacted more to Tone 2 than 
to Tone 3, to Tone 3 than to Tone 4, 
etc. The theoretical expectancy for 
any entry in the first row is 10, while 
the theoretical expectancy of all other 
entries is half that of the first row. 


Considering only the first two tones, 
there 


presents res 


is a significant adaptation 
TABLE 2 
PERCENTAGE oF ScaLED Scores or 2.0 


OR GREATER BY TONES AND DAYS 


Tone SR HR RR 
Day - 
Tone | Day | Tone | Day | Tone | Day 
1 | 45 | so | 39 | 25 | 34 en 
2 |28 | 16 | 26 | 30 | 32 | 3 i 
3 | 21 | 21 | 28 | 39 | 32 25 
£ | 16 | 13 | 29 | 33 | 28 3 
5 | 16 | 12 | 29 | 29 | 35 ; 
9$ | 15 | 16 | 31 | 30 | 39 e 
7 | 14 7 | 26 | 29 | 30 o 
8 | 11 8 | 34 29 | 3 
9 | 15 34 29 
10 | 10 29 29 
Hu 28 24 
1 | 13 35 20 
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TABLE 3 


NUMBER OF Ss WHOSE RESPONSES IN SKIN RESISTANCE WERE GREATER FOR TONE 1 
THAN Toner 2 on Each Day AND ALSO GREATER FOR THE OTHER LISTED Tones 


ON THE SaAME Dav: S/PS Ratios ror Lerr Sipe or Bopy 
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gradient on each dav for the majority 
of Ss. 

Figure 4 shows, for the left and 
right arm separately, the mean differ- 
ence scores in MP (S-PS) for each 
successive tone (Sessions X Ss). The 
mean difference scores for each session 
appear in Fig. 5. The intersession 
gradient approaches the hyperbolic 
form, while the intrasession gradient 
is essentially linear. The major 
difference between the adaptation and 
extinction curves occurs with respect 
to the first two plotted points. Com- 
parable plots for SR showed the 
extinction gradient to be steeper than 
the adaptation gradient, but both 
curves were clearly hyperbolic in 
form. Curves constructed for HR 
and RR failed to provide any evidence 
of systematic adaptation or extinction. 
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Fic. 4. Mean difference scores in MP 
for each tone (Ss X Sessions). 
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Mean adaptation and extinction 
curves in MP were also constructed 
in terms of log microvolts. For each 
S the log of the mean difference scores 
for each tone (across sessions) was 
found, and the mean log for each tone 
(across Ss) was then derived. Simi- 
larly, for each S the log of the mean 
difference score for each session was 
found, and the mean log for each 
session was obtained. The intra- and 
intersession gradients represented by 
log microvolts had similar shallow 
slopes and were linear. Comparable 
log curves for SR were similar in slope 
and form to those based upon differ- 
ence scores. 

The possible etfect of length of 
intersession interval (2 or 3 days) 


upon reactivity in SR and MP 
was investigated. The factor of 
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for each session (Ss X Tones), 


session number was controlled, since 
within the 2-day and within the 3-day 
interval all eight sessions received 
essentially equal representation. In 
each system differences in sizes of 
response to Tone 1 only between the 
2- and 3-day intervals were found to 
be nonsignificant when evaluated by 
the Mann-Whitney U test (Siegel, 
1956). i 

We also attempted to determine 
whether the reactions in MP were 
predominantly ORs or some combina- 
tion of ORs and startle reflexes. Note 
was made of the number of MP 
reactions in Session 1 which occurred 
in .3 sec. or less. Of the 240 responses, 
only 3.8% had MP activity indicating 
a startle component. 

Intersession decrement in 
Corah and Stern (1963) found a 
decrement in BA from one session to 
a second. Their findings based on a 
longer test-retest interval than that 
used by Lacey and Lace (1958a) or 
by Wilson and Dykman (1960) were 
not in accord with predictions from 
these latter studies, 

For a given S, s sion, and system 
in the present study, there were 20 
intervals in 


n 


B. 1. 


which BA could have 
occurred in the prestimulation rest 
period. The mean percentage of BIs 


in each system for each 


Session is 
shown in Fig. 6. 
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system and in each session, 
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FABLE 4 


COLPEICIENTS OF CONCORDANCE 
"ROSS DAILY Spssions 
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hibited an intersession decrement in 
BA. The differences in the mean 
percentage of BIs between Sessions 1 
and 2 and Sessions 7 and 8 for cach 


5 were not reliable (p > .05) by 
Wilcoxon's sign-rank test (Siegel, 
1956). 


Intersession reliability and inter- 
system correlations. — We did not com- 
pute correlations between levels (stim- 
ulus or prestimulus) or between re- 
sponses in the different systems. Our 
past work (Dykman et al, 1959, 
1963) and work by Lacev (Lacey, 
1956; Lacey & Lacey, 1058b) has 
shown that intersvstem correlations 
reflecting interindividual positioning 
tend to zero. However, as in the 
studies just cited, coefficients of con- 
cordance (Edwards, 1955) were de- 
rived for various measures in cach 
system, and these results appear in 
Table 4. The Ss maintained at a 
reliable level (p < .001 in every case) 
their rank-order position in the group 
across sessions, regardless of whether 
adaptation and extinction were pres 
entas in SR or MP or absent as in HR 
or RR. The generally higher coefli- 
cients for stimulus levels. than for 
Tesponse measures suggests that SS 
seek a constant stimulus level what- 
ever the prestimulus level (Block & 
Bridger, 1962; Lacey & Lacey, 1962)- 
Coefficients of concordance show that 
Ss also maintained at a statistically 
reliable, but not predictable, level 
their group positions in BA from one 


INTER- AND IN PRASESSION 


session to the next: 4 for SR, 33 for 


HR, 36 for RR, and .24 for MP 
(p < .O1 for all values). 
Table 5 presents intersystem cor- 


relations for BA. The basie measure 
in cach the mean per- 
centage of BIs across all sessions for 
cach S. These correlations suggest two 
clusters, one consisting of MP, HR, 
and RR, and the other MP and SR. 

Intercorrelations of Bls were also 
derived for cach single session. Reli- 
able positive relationships were found 
between SR and MP in 3 of the 8 
days with low-positive correlations in 
the remaining sessions; between HR 
and RR on Day 1 only with low- 
positive correlations in all other 
sessions: between SR and RR on 
Day 5; and between RR and MP on 
Days 4 and 7 with low-positive 
relationships in other sessions, 
correlations do not reflect a coupling 
in time: atypical RR cycles. rarely 
coincided with atypical changes in 
HR. (Lacey & Lacey, 1958; Wilson 
& Dykman, 1960). 


system was 


These 


Amount of BA was also studied 
in relation to response magnitude. 
Sealed scores in IIR correlated .60 


(p < .01) with BIs in HR. The com- 
parable rank-order correlations for 
RR and SR were .54 (p < .02) and 


—.19 (p > .10), respectively. Differ- 
ence scores in IIR correlated .42 
(p €«.10) with Bls in IIR. The 


parallel correlations for RR, SR, and 
MP were .35 (p > .10),.07 (p > .10), 
45 (p < .05), respectively. 


TABLE 5 


INTERSYSTEM CORRELATIONS OF RESTING BIs 
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HR 
RR A 
MP 18* 35 
an S05. 
Ch" SS OT 


EFFEC! 


ON ORTEN TING RESPONSES 593 
fe PES 
i i200 : 
s "E F, LEFT LEG e 
3 / RIGHT LEG e— 
da / 
4 
9007 i 
UU "$8 a 6 8 


SESSIONS 


Mean prestimulus levels of SR 
in each session (Ss X Tones). 


Effects of arousal on the OR.—Pre- 
stimulus levels were used as an 
indicator of the background arousal 
state. Figure 7 is a plot of the mean 
prestimulus levels in SR (Ss X Tones) 
for each session. The gradually in- 
creasing ohms level suggests a general 
arousal to decrease from 
This average trend was 


trend. for 
day to day, 
representative of most 5s. 

In HR, the mean prestimulus level 
decreased from 76 beats min in Ses- 
sion 1 to 71 beats min in Session 6, 
and then increased to 75 beats, min 
in Session 8. In RR, the mean pre- 
stimulus average decreased from 3.96 
sec. per cycle to 3.72 sec. per cycle: 
Le, rate of breathing accelerated 
slightly over sessions. This tendency 
of RR to accelerate has been noted in 
humans (Davis et al, 1955) and in 
dogs (Dykman, Mack, & Ackerman, 
1965). In MP, there was no gra- 
dient; i.e., mean prestimulus levels 
were approximately equal on all days, 
either in raw-microvolt or log-micro- 
volt units. The graphs for stimulus 
levels in SR, HR, and RR were quite 
similar in form to those obtained for 
prestimulus levels. 

For each system, the mean pre- 
stimulus levels to Tones 11 and 12 on 
a given day were compared to the 
prestimulus level just preceding Tone 
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I on the following dav (Wilcoxon's 
sign-rank test). The Kes oo 
levels for Days 1 and 2, Days ere . 
and Days 7 and 8. There were io 
significant findings in HR and RR. 
Of the three tests run for SR, only 
the Day 1-Day 2 comparison was sig- 
nificant (p < .02); ohms level was 
higher during the pretone period on 
Day 2 than during the mean pretone 
period on Day 1. One significant 
difference appeared in MP contrast; 
the pretone level to Tone 1 on Day 8 
was higher than the mean pretone 
level to Tones 11 and 12 (on the 
preceding day (p < .02). The evi- 
dence is thus negative to the proposi- 
tion that the generally larger reactions 
in SR and MP on the first tone each 
day are related to arousal or drive, 
as here defined, 

We also had scores for cach S on 
the Taylor Manifest Anxiety scale 
(Taylor, 1956). The five Ss with the 
highest scores (13-19) gave smaller 
mean-SR responses on the average 
than the five Ss with the lowest 
anxiety scores (2-7). The curves for 
the two groups of Ss were similar in 
form plotting either median difference 
Scores for each session or median 
difference scores for each successive 
trial across all sessions (see Dykman 
et al., 1959, for corroborating in- 
formation), 

Bilateral. differences — Vor each § 
in each session bilateral differences in 
prestimulus levels of SR were evalu- 
ated by Wilcoxon's sign-rank test 
(Siegel, 1956). Six Ss exhibited 
reliable differences (p < .05) in all 
sessions, 10 in seven sessions, all 20 
in at least five sessions. Across all 
sessions for all Ss (N = 160), SR was 
significantly higher on the left in 63 
instances and on the right in 78 
instances, leaving only 19 sessions in 
which therefwas no difference. Six 

Ss were variable as to the side showing 


higher levels, but eight had higher 
levels on the right and six higher levels 
on the left in at least five sessions. 
Comparable analyses for SR differ- 
ence scores indicated that only three 
Ss had significant left-right differences 
in at least five sessions. Of the 63 
sessions in which left-side levels were 
signiticantly higher, 20 sessions showed 
a significant left-side dominance in re- 
sponse and 2 sessions a right-side 
dominance. Of the 78 sessions in 
which right-side levels were signifi- 
cantly higher, 20 sessions showed a 
significant right-side dominance in 
response and 7 sessions a left-side 
dominance, Though there was some 
concordance in this cross classification 
of levels and responses, there was 
more often an absence of response 
dominance in the presence of reliably 
higher prestimulus levels, i.e, 41 ol 
63 cases on the left side and 51 of 78 
cases on the right. Neither differences 
in response nor levels were related. to 
handedness. In Se sion 1 the median 
absolute difference between prestim- 
ulus levels on the two sides of the body 
was 4,380 ohms, with the middle 50% 
of the observations ranging from 3,000 
to 11,280 ohms. The median differ- 
ence and the middle 50% range 
showed a general increase over sub- 
sequent sessions. By Session 8 the 
median difference was 11,550 ohms, 
with a range of 5,880 to 23,540 
ohms for the middle 5095 of the 
Observations. : 
Comparable analyses were carried 
out for MP. Across all 160 sessions 
there were 47 in which prestimulus 
levels on the left were reliably higher 
than those on the right, 25 sessions 
in which the opposite was true, and 
Sessions in which there were nO 
Significant differences in levels. The 
Major feature here was that of 
similarity of prestimulus levels on the 
two sides of the body; only three 5$ 
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exhibited higher levels on the same 
side of the body in at least five 
sessions. The findings for difference 
scores in MP were in essential agree- 
ment with those for difference scores 
in SR in that no S evidenced consis- 
tent bilateral differences over sessions. 
Furthermore, size of response was 
independent of the prestimulus level 
in MP, 


DISCUSSION 


This study was designed to test the 
hypothesis that adaptation and extine- 
tion are identical processes; i.e.. in this 
orienting situation, one term—whether 
adaptation, habituation, or extinction— 
should be used to describe both intra 
and intersession decreases in reactivit 
It was assumed that this hypothesis 
would be supported if the mean-trial 
gradient was similar to the mean-session 
gradient in cach of the several functions 
studied. And, as a more stringent test, 
it was expected that Ss who adapted in a 
given system. would extinguish in that 
system and that Ss who failed to adapt 
would not extinguish. Knowing the 
partial dependence of biological responses 
on uncontrolled internal factors, strict 
conformity to the hypothesis was not 
expected. 

The reader may reason that the hy- 
pothesis is invalid since adaptation and 
extinction are defined alike except for 
variation in the time of presentation of 
stimuli. But this variation in time could 
be important in discriminating true ex- 
tinction from response decrements at- 
tributable to drive reduction. Our 
supposition, right or wrong, was that the 
intrasession effect might possibly depend 
more on drive reduction than the inter- 
session effect and that the latter is the 
better criterion of true extinction. If it 
were then shown that these two processes 
as defined are similar and that drive was 
not a critical factor, one should use one 
term to describe both functions. 

Our results are interpreted as support- 
ing, in general, the concept that adapta- 
tion and extinction are equivalent proc- 
esses, and. particularly in SR, since the 
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exponential constant for trials was equal 
to the exponential constant for days. 
Skin resistance, the system in which Ss 
were most reactive, provided the best 
evidence of systematic adaptation and 
extinction followed in descending order 
by MP, RR, and HR. 

The recovery of SR and MP reactions 
from one day to the next might be ex- 
plained in several not incompatible ways 
(a) as the dissipation of conditioned 
inhibition through disuse; (6) as a 
warm-up effect in which a trial or two 
are required to sensitize inhibitory 
mechanisms; and (c) as a procedure of 
reinforcement in which the first trial each 
day reassures Ss of the continuing 
absence of noxious stimulation (Dy kman, 
Gantt, & Whitehorn, 1956). Although 
we could not evaluate these different 
possibilities, the latter is somewhat sus- 
pect from the standpoint of our data on 
generalized drive (Hull, 1951) and anx- 
iety (Spence, 1956). The generally 
larger responses in SR and MP on the 
first trial each day were not related to 
prestimulus levels, one measure of gen- 
eralized drive. Anxiety as measured by 
the Tavlor scale was not related to intra- 
and intersession decrements. And Ss 
with the highest scores on the anxiety 
test actually gave the smallest GSRs (cf. 
Dykman et al., 1959). 

Some recent unpublished research in 
our laboratory indicates that background 
activity in SR decreases as Ss are going 
to sleep and increases when they are 
awakened. Thus, background activity 
does vary with significant changes in the 
level of drive (or arousal). By contrast, 
the absence of habituation in background 
activity from day to day in the present 
work indicates that the drive level was 
relatively constant. Thus, here again, 
there is evidence that drive or arousal 
did not enter as a critical variable in 
shaping response diminutions in the 
present experiment. 

The formula derived for SR was for the 
left side of the body only. Mean graphs 
in SR and MP constructed on the basis 
of stimulus-prestimulus differences were, 
however, highly similar for the two sides 
of the body. This similarity was not 


506 


impaired by rather sizable epis in 
the prestimulus levels on the two pie 
Thus responses in this situation Il 
relatively independent ot Luogo pnus 
level, despite the predictions of the law 
of initial values (Lacey, 1956). 
appreciable bilateral diHerenses i on 
mal Ss were surprising. (Our reason Tor 
recording bilaterally was to obtain some 
normative data to contrast with patient 
data in other studics.) . 
Turning to broader considerations, the 
OR is seen as a gross-organismic reaction 
including multiple skeletal-motor and 
autonomic componen ts and depending 
very much on the individual differences 
in the innate organization of responses, 
The OR is an appropriate reaction to an 
attention-getting stimulus, from inside 
or outside the organism, which js unusual 
in nature or unexpected in time. This 
definition may appear not to encompass 
the reactions to tones in the present ex- 
periment. However, pure tones are 
unusual stimuli and as they recur provide 
a sharp contrast to the background con- 
ditions of quiescence. Furthermore, the 
exact onset of tones could not be antici- 
pated by Ss. Startle components, while 
generally absent here, may precede the 
OR depending upon the set of S, his 
level of arousal, and the intensity of the 
stimulus, variables which also underlie 
the vigor of the OR. The possible 
interference with or augmentation of the 
OR by the startle reflex deserves det 
investigation 


Ww 


ailed 

The specific stimulus-directed move- 
ments of the OR are more readily in- 
hibited than the Various autonomic and 
motor components. The OR appears 
to undergo a faster extinction in the 
human than in the dog (Dykman et al., 
1959). Its unusual persistence in certain 
primates is perhaps attributable to differ- 
ences in degree of domestication, Wild 
rabbits have more pronounced ORs than 
pets (personal observation), ] Current 
evidence indicates that the OR is innate; 
it is present in the neonate a few hours 
after birth (W ertheimer, 1962). Fur- 
ther, its nature and resistance to extinc- 


tion vary with phylogeny (cf. Razran, 
1 3 3 
1961, p. 114). 


GALBRECHT, DYKMAN, REESE, AND SUZUKI 


A number of writers have suggested 
the probable importance of the OR in 
conditioning (Grings, 1960, 1963; Soko- 
lov, 1960; Stern, Stewart, & Winokur, 
1961; Stewart. Stern, Winokur, & Fred- 
man, 1961). It is known from earlier 
work (Dykman ct al.. 1956) that the 
first UCS reinstates and augments the 
general. bodily components of the OR 
but not generally the specitic motor 
orientation to signals, Thee irly positive 
CR appears to be an am mation. of 
the OR to the CS and certain nonspecific 
UCS 
shock 


reactions (e, looking down AE 
restlessness, looking 
s the CR develops, 
most, but not all, of the general orienting 
components to the CS and the UCS and 
certain other nonspecific UCS reactions 
undergo extinction. The general bodily 
components of the OR may ser 
important mediators of later more spe- 
cific The theoretical. model 
implied by these later statements, to be 
elaborated in greater detail elsewhere by 
Dykman, with the 
psychological notion that the carly phase 
of conditioning is one of drive induction 
or emotional sensitization. 


electrodes, 
from side to side), 


e as 


responses, 


accords general 
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EFFECTS OF THE. VISUAL FIELD UPON PERCEPTION 
OF CHANGE IN SPATIAL ORIENTATION 3 


NORMAN L. CORAH 


Washington University, Si. I 


y, M. Leer 


The study investigated the effects of à frame and its orientation upon 
the perceived change in orientation of a rod target rotated at a speed 


below threshold for movement, 
conditions. 


readily perceived when initial tar 
when it was tilted (p < .05). 


81 Ss were equally divided among 7 
The results demonstrated that field structure was zenerally 
less important than starting position of the target. 


Change was more 


get position was at the vertical than 
A tilted field with the target rotating 
away from the vertical produced the greatest lag 


in detection. The 


results are interpreted in terms of adaptation-level theory. 


Many studies in recent years have 
investigated the effects of such vari- 
ables as posture and visual field 
structure on judgments of spatial 
orientation—especially judgments of 
the perceived vertical, However, 
there is a relative paucity of data on 
the perception of change in spatial 
orientation in the frontal parallel 
plane. 

Some of the human engineering 
studies of instrument-dial 
ments may be considered relevant 
here. Aircraft instrument dials as 
well as others usually have the start- 
ing points of their scales in one of the 
four “cardinal” positions. There ap- 
pears to be no superiority of any one 
of these positions in the check readin 
of instrument groups (White, War. 
rick, & Grether, 1953). Moreover, 
shifting the Starting point of a scale 
to other than a cardinal Position does 
not appear to affect the accuracy 


arrange- 


fea 
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! An earlier version of this paper Was read 
at the Midwestern Psychological Associa 
meeting in St. Louis, May 1, 1964, 
writer acknowledges the assista 
Clinch in the collection of the data, The data 
analysis was facilitated by Support of the 
Washington University Computer Facilities 
through National Science Foundation Grant 

-22296. 
iu e at the School of Dentistry, State 
University of New York at Buffalo, 
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with which the instruments can be 
checked (Chapanis, Garner, & Mor- 
gan, 1949), However, when there are 
relatively few visual reference lines 
present, somewhat different 
are obtained, Judgments of the angle 
formed by a line and a pointer are 
most accurate at the 0° and 90 
points. The 45° point appears to be 
next in accuracy of reading (Fitts, 
1951). " 

The most relevant study in this 
area is one by Tepas (1960). He in- 
vestigated the effects of visual-field 
Structure, target Structure, starting 
position, and instructional set on. the 
perceived Change in orientation of a 
target rotated at a speed which was 
too slow for movement to be per- 
ceived. Vertical and 25? tilted start- 
ing positions were used. Field struc- 
ture was varied by presenting the 
target in a Ganzfeld or in a lighte 
room. Perceived change in orienta- 
tion of the target was best when " 
Vertical starting position was USB 
Visual field Structure did not appe! 
to influence judgments of change €x- 
cept through interaction with in- 
Structiona] set. d 
.lhe present study was concerne 
with the effects of target starting 
Position and visual field structure 0” 

ved change in orientation. 


results 
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VISUAL. FESE NND CHANGE IN SPATIAL ORIENTATION 599. 
Mia tito CABLE 1 
Subj- The Se were dà mem and dd DEGREES OF Rotation BEFORE CHANGE 
Women from general introductory psychology Was REPORTED 
cl at Washington University. The Ss -—Á- PUE E E = 
Were randomly assigned to one of seven groups 
Starting Mdn M SD 


with the restriction. that six men and six 
Women comprise cach group. ‘There were, 
consequently, seven groups of 12 Ss each. 

A pparatus.— The standard Witkin rod and 
frame were used (Witkin, Lewis, Hertzman, 
Machover, Meissner, & Wapner, 1954). The 
trame could be rotated in the usual fashion 
by hand. The rod was rotated by an elec- 
tronic motor control unit. This unit con- 
Sisted of a 1/50 hp. de shunt wound motor 
having a gear shaft loaded with an 112071 
ratio and operated by a Heller 2160 Thyra- 
tron tube motor controller unit. Speed was 
further reduced by connecting a 25:1 Boston 
gear box between the motor and the shaft 
of the rod. For all conditions, the rod was 
rotated at a relatively constant speed of 4.9? 
ber minute. This speed is below the absolute 
threshold for the perception of movement. 
se from the motor was masked by a fan. 
Procedure. —The S was blindfolded and 
brought into the laboratory where he was 
Seated upright with his head positioned in a 
clamp 7 ft. from the rod and frame. The 
apparatus was described and S was told that 
he should observe the rod and report any 
Change in orientation or tilt, if it should occur, 
and its direction. [t was also indicated that 
Several minutes might pass before any change 
might occur. At the beginning of each trial, 
S removed the blindfold and observed the 
rod. When he reported a change, the ap- 
paratus was stopped and S replaced the 
blindfold. Four trials were administered to 
each S. The mean degrees of rotation before 
a change was detected was the measure 
used. 

The presence or absence of the frame and 
its tilt provided the conditions of visual 
field structure. The starting positions in 
combination with field structure were as 
follows: Group 1—Rod vertical, no frame; 
Group 2—Rod tilted 28°, no frame; Group 3 
—Rod vertical, frame vertical; Group 4— 
Rod ilted 28°, frame vertical; Group 5—Rod 
vertical, frame tilted 28°; Group 6—Rod and 
frame both tilted 28°; Group 7—Rod tilted 
28°, frame tilted 38°. 

When the rod started at the vertical, it 
Was rotated away from the vertical. When 
it started in a tilted position, it was rotated 
towards the vertical. Two trials to the right 
and two to the left were given in RLLR or 

RRL sequence. Under Cond. 6 and 7 where 


Position | 


1 RV ais qp Xx 
XBT 6.12 6.32 
ài RVG EV 3.00 2.90 
E ey 0.12 5.75 
S5. RASET 8.50 | 9.50 
o. WE ET 8 5.58 
i REFIT o 5.29 


ertical; RT = rod tilted 28°; 


FV FT = trame tilted 28°; FTT 


both rod and frame were tilted, they always 
began tilted to the same side. 


RESULTS 


Table 1 gives the median, mean, 
and SD of degrees of rotation before 
change was perceived for each group. 
Hartley's largest 7 ratio yielded an 
Fa (7. 11) = 23.09, p < 01, indi- 
cating marked heterogeneity of vari- 
ance (Walker & Lev, 1953). Conse- 
quently, a nonparametric analysis was 
used. A Kruskal-Wallis one-way 
analysis of variance (Siegel, 1956) 
vielded an W of 32.27 which is 
significant beyond the .001 level 
(df = 6). 

Mann-Whitney U tests (Siegel, 
1956) calculated among the groups 
are presented in Table 2. These 
results suggest that the most impor- 
tant variable was the starting position 


TABLE 2 


MANN-\WHITNEY U TESTS AMONG 
ru Grours 


Group | z iS pou |g 6 | 7 
1 26.5* | 63.5 | 27.5* | 8.0* | 29.5* | 32.0* 
2 21.5% | 70.0 | 37.0% | $85 | 61.5 
3 | 24.0% | 7.0% | 25.0* | 29.5* 
4 | | 26.0* | 56.0 | 59.5 
5 | | 22.0* | 20.5* 
6 | | 71.0 
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F RATIOS AMONG THE GROUP VARIANCES 
2 3 $ 5 6 7 
E S52 
6 
p< 5 


Perception of change 
significantly worse when the rod Was 


of the rod. Was 
tilted than when it was rtical 
The visual framework had à signifi- 
cant effect upon judgments only in 
Cond. 5 where the rod started at the 
vertical and the frame tilted, 
The performance of this group was 
significantly worse than that of all 
other groups. It may also be noted 
that the presence of the frame in 
Cond. 3 produced slightly better, 
although not significantly better, per- 
formance than Cond. 4 
absent, 

Table 3 presents the F ratios among 
the group variances, The variability: 
of judgments is consistently greater 
for those conditions where the rod 
started in the tilted position. There 
was a slight but not significant ten- 
dency for greater Variability to occur 
in the conditions where the frame Was 
absent. 


vertical, 


Was 


Where it was 


Discusstox 

In the present study, the 
position of the rod is in effect an anchor 
or comparison stimulus. However, this 
anchor is an internal representation since 
the position of the moving rod is being 
compared to its own Starting Position, 
If Cond. 5 is temporarily disregarded, 
the results indicate that When the rod 
started at the vertical, discrimination of 
change was much. more effective than 
when a tilted starting position Was used. 
This result would suggest that the 
phenomenal vertical plays an Important 
role in maintaining the internal reference 


starting 


Is 


CORAH 


or anchor. The concept of a subjective 
horizontal-vertical coordinate system has 
been advanced by Onley and Volkmann 

1958) in their study of perpendicularity 
and has also been suggested in the work 
of Fitts (1951) and Tepas (01960). 

Tepas (1960) has 
phenomena of perceptual space ma ht 
interpreted in terms of Helson's (1959) 
adaptation-level (AL) theory, In this 
Context, the present 
gest that 


that 


suggested 


results would sug- 
S's kinesthetic sensations ol 
the vertical and his past experience with 
the normal coordinates of perceptual 
space contribute heavily to the AL when 
a vertical starting position is used and 
minimally to the AL with a tilted starting 
position. Thus, the concern of the 
present study is with the neutral or in- 
difference range of the AL in which no 
change is perceived as a function © 


" * : D AM f 
factors contributing to the stability © 


the AL. 

In the results considered so far, the 
AL is roughly cquivalent to the target 
starting position, However, Cond. : 
produced an exception to these results. 
It may be noted that this condition i5 
closest to that used by Witkin (Witkin 
et al., 1954) in his studies of the effects 
of the tilted frame on judgments of the 
vertical. This procedure has the effect 
of displacing the judged vertical | an 
average of 5° or 6? from the true vertical. 
Even if the frame in this see 
produced a shift in the phenomena’ 
vertical and, consequently, the AL, the 
neutral range for the anchor should have 
been narrower than that existing unde! 
conditions where the rod was tilted 28 : 
Yet, detection of change was significantly 
Worse in Cond. 5 tiltec 
Starting position. y 

“here are two possibilities which may 
explain this result. in Cond. 5. If kr 
frame produces a shift in the AL towar ia 
the frame, the rod may start at the upper 
limit of the indifference range while it 3 
in the middle of this range (at the AL 
under the other conditions. This n 
native would suggest that setting th 
rod at the judged vertical, as üeferss a 
by the Witkin procedure, would resu 
in discriminations no greater than those 


than under a 


^, 
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Obtained under the other rod-vertical 
conditions, 

Another possibility may be that the 
tilted frame makes the phenomenal 
vertical unstable and reduces or elimi- 
Dates its contribution to the AL. The 


greater variability in judgments asso 


ciated with Cond. 5 would tend to 
support this idea. Either one or some 
Combination of these possibilities would 


results. Only further 
the problem can 


account for the 
directed at 
decide the issue. 


research 
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DEPENDENCE OF EQUALITY JUDGMENTS UPON THE 
| TEMPORAL INTERVAL BETWEEN STIMULUS 
PRESENTATIONS ! 


WALLACE R. MCALLISTER, DOROTHY E. 


McALLISTER, 


AND JOSEPH J. FRANCHINA: 


Syracuse University 


Judgments of equality were obtained from 8 indepen: 
following a comparison of a standard 50-nim 
58-, or 62-mm. line presented after either } min. or 8 min 


equal judgments was signific; 
tion interval than following the } 
the standard. 
tion interval indic 
upon the order of intervals used. 


results of several animal studies wl 
strength to generalized stimuli wi 
consistent with the hypothesis th: 


similar stimuli decreases as the 
stimuli increases, ‘This h 
theory of stimulus generalization. 


One possible method of explaining, 
within a Hullian framework, the find- 
ing that responses to generalized 
stimuli increase in strength with time 
(McAllister & McAllister, 1963; Per- 
kins & Weyant, 1958; Saltz & As- 
dourian, 1963; Thomas & Lopez, 
1962) is to assume a decrease with 
time in the number of jnd's along the 
stimulus dimension. That is, in the 
scaling of a given range of physical 
stimuli, more jnd's would be obtained 
if a short rather than a long 
interval was used between pres 
tions of the standard and comparison 
stimuli. This hypothesis modifies 
Hull's statements (1943) about stim- 
ulus generalization only by introduc- 
ing time as a variable in the psycho- 
physical scaling of the Stimulus di- 
mension. It, thus, avoids, in account- 
ing for the above results, the necessity 


time 
enta- 


1 This investigation was Supported in part 
Ms research grant, MH-02064, from the 
National Institute of Mental Health, Public 
E th Service. " " 
ot at Southern Methodist University, 


lent groups of Ss 
line with either a 50-, 54-, 
Percentage of 


antly greater following the 8-imin. presenta- 
}-min. interval only for lines longer than 
A 2nd judgment by each S with the other presenta- 

ated that the effect of presentation interval 


depended 


The 1st-judgment data parallel the 
hich showed an increase in response 
th time. 


it the number of jnd's separating 


All of these findings are 


g 2 


time between presentations of the 
ypothesis reconciles the data with Hull's 


of assuming, contrary to theory, that 
habit strength to generalized stimuli 
increases spontaneously with time. 
All of the above studies employed 
animal Ss. To determine the gen- 
erality of the empirical finding and to 
manipulate a stimulus dimension sys- 
tematically, the present study enr 
ployed a psychophysical procedure 
with human Ss. The hypothesis 
predicts that two similar physical 
stimuli would be more likely to be 
judged equal the greater the length 
of time between their presentations. 


METHOD 


The Ss were 117 men and 155 women 
undergraduate students at Syracuse a 
versity. A Psychophysical method describe 
by Woodworth and Schlosberg (1954, p. n 1. 
Was used. The stimuli were black lines, 2 
in. wide and either 50, 54, 58, or 62 mm. lon? 
centered singly on white cardboard, 11 X 
In. 

The Ss were instructed that the experiment 
Was on perceptual discrimination and lam 
they would be shown one line and, at a a 
"me, another line and that their task was ! 
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judge whether the second line was longer than, 
or equal in length to, the first line. At the 
start of the experiment two cardboards were 
placed face down in front of S. When E said 
"Ready," S took hold of the nearest card- 
board and at the signal, "Look," raised it and 
looked at the line. After 10 sec., E said, 
"Stop," and S turned the cardboard face 
down and read a magazine, Either $ min. or 
8 min, later the procedure was repeated for 
the second cardboard of the pair, after which 
S recorded his judgment of equal or longer. 
l'he cardboards and data were then removed, 
and S read a magazine for 10 min, Meanwhile 
E placed two new cardboards before S. The 
judging procedure was then repeated exactly 
as described above except that the other 
presentation interval was used. 

For each S, the first line observed for each 
of the judgments was 50 mm. long, the 
standard, and the second, or comparison, line 
was on both occasions either 54, 58, or 62 mm. 
Thus, there were eight groups of 34 Ss each, 
four with Order 1 (3 min.-8 min.) and four 
with Order 2 (8 min.- min). Within each 
order, the groups varied with respect to the 
lengths, in millimeters, of the lines compared 
(50-50, 50-54, 50-58, or 50-62). 

A maximum of four Ss participated in the 
experiment at one time. The two orders of 
Presentation intervals were assigned alter- 
nately to successive groups of Ss. Within a 
group, Ss were randomly assigned to judge one 
of the four sets of line lengths. 

‘These procedures were adopted so as to 
provide data comparable to that of the animal 
study from this laboratory (McAllister & 
McAllister, 1963). Thus, it was required 
that there be independent Ss at each general- 
ization point at each temporal interval and 
that the procedure permit the analysis of data 
which was not contaminated by a reexposure 
to the training stimulus. A study by Lipsitt 
and Engen (1961) bears on the present issue 
but does not meet these requirements. 


RESULTS 


Figure 1 presents the first-judgment 
data from each of the two orders. 
Thus, each point represents the data 
from 34 different Ss. It is these data 
which are most relevant to the purpose 
of this paper. As will be shown later, 
second judgments in this situation are 
contaminated by transfer effects. i 

The decrease in the percentage ol 
equal judgments as the length of the 
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PERCENTAGE EQUAL JUDGMENTS 
2 
o 


— M  — 
50-50 50-54 5058 50-62 
LENGTHS OF LINES COMPARED (MM.) 
Fic. 1. Percentage of equal judgments as 
a function of lengths of lines compared. for 
the J- and S-min. presentation intervals. 
(Only the first judgment of cach S is plotted.) 


comparison stimulus increased was 
significant bevond the .001 level both 
for the 1- and for the 8-min. presenta- 
tion interva x? (3) = 56.98, and 
24.58, respectively. 

The difference between the presen- 
tation intervals for each length of the 
comparison stimulus was evaluated 
with x? separately except that the two 
longest stimuli were combined be- 
cause of small theoretical frequencies. 
When the lines were both 50 mm. in 
length, the difference in equal judg- 
ments between the two temporal 
conditions was not significant, x? (1) 
= 31, p > .50.3 These results sug- 
gest that there is no increase in the 
tendency for equal judgments to occur 
merely as a function of time. There- 
fore, the hypothesized effect of the 
temporal interval upon the judgments 
of lines differing in length may be 
clearly tested. The difference be- 
tween the 50-54-mm. line groups was 
not significant, x? (1) — 2.12, p » .10. 
However, for the 50-58 and 50-62 
mm. lines combined, the difference 
was significant beyond the .01 level, 

? Throughout this paper all x? values with 
1 df were obtained using Yates’ correction 
except that when several x? values were to be 
combined the uncorrected formula was used 
since the additive principle does not apply to 


corrected. values (Lewis & Burke, 1949 
p. 463). i 
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Fic. 2. Percentage of equal judgments as 
1 function of lengths of lines compared for the 
i- and 8-min. presentation intervals for 
Order 1 and Order 2. 


x? (1) = 7.09. For both analyses, a 
greater percentage of equal judgments 
occurred with the 8-min., than with 
the à-min., interval, That the over- 
all increase in equal judgments with 
an increase in presentation interval 
is significant is indicated by combining 
the separate x* values, x? (2) = 11.33, 
P < .005. While the conclusion from 
these data applies to the lengths of 
lines employed here, it should be 
noted that if sufficiently long com- 
parison stimuli were used, the curves 
should converge However, 
€ lengths 
intervals. would 
ct the point of 


at zero. 
concomitant increases in th 
of the presentation 
be expected to affe 
convergence, 

The effect of order, as well as 
presentation interval, upon judgments 
of equality is illustrated in Pis. 9. 
It is apparent that when the stimuli 
were physically equal (50 mm. com. 
pared with 50 mm.) neither variable 
had a marked effect upon 


pid the judg- 
ments. Within Order l, as well as 
within Order 2, the number of Ss 


giving equal judgments at the 2-min, 
and at the 8-min. Presentation jn. 
tervals was almost identical (27 vs, 
28 and 25 vs. 24, respectively), For 
neither order was the binomial test 


(McNemar, 1962, p. 54) Significant 
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(p 1.00 in each case). Likewise, 
the difference between the two orders 
was not significant at either. the 
zemina x? (1) = 08, p > .70, or the 
8-min., x? (1) d ff 2.30; 
entation interval. 

When the comparison stimuli were 
longer than the standard, there was a 
marked interaction between order and 
presentation interval. As mas be 
noted in the figure, the effect ol 
presentation interval obtained with 
Order 1 paralleled the first-judgment 
data shown in Fig. 1 while that with 
Order 2 did not. There was a ten- 
dency for an increase in the percentage 
of equal judgments to occur for the 
second judgments regardless of the 
order of presentation intervals. 5pe- 
cifically, considering the two 1-min. 
curves, there was an increase in the 
percentage of equal judgments when 
this judgment was second. A similar 
result may be observed for the 8-min. 
condition. As a 
difference between 
interval 


pres- 


consequence, the 
the presentation- 
curves was increased for 
Order 1 and decreased for Order. 2- 
A two-tailed binomial test. indicated 
that for Order 1 the percentage Ol 
equal judgments was significantly 
greater for the 8-min. than for the 
i-min. presentation interval for the 
50-54, 50-58, and 50-62 comparisons 
(P = .01, .02, and .04, respectively). 
Comparable tests carried out for 
Order 2 yielded p values of .42, 1.00, 
and 1.00. The differences betwee! 
Order 1 and Order 2 for the 8-mim 
Presentation interval for the 50-54, 
50-58, and 50-62 comparisons welt 
not significant, x CL) = 06, 60; 03 
p > .80, > .30, and 1.00, respectively: 
Similar analyses for the 4-min. pres 
entation interval yielded a nonsignill- 
cant value for the 54-mm. comparison 
Stimulus, y (1) = .06, p > .80, but : 
Significant difference for the 58 anc 

"mm. stimulus conditions, combine 
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because of small theoretical frequen 
cies, x? (1) 6.12, p < .02. 


Discussion 

The first-judgment data indicate that 
a generalized stimulus is judged to be 
more similar to a standard stimulus after 
8 min. than after } min. Similar results 
were obtained by Lipsitt and Engen 
(1961) using much shorter presentation 
intervals and somewhat different. pro- 
cedures. Analogously, the results of the 
animal studies indicate that a response 
to a generalized stimulus is more like 
that to a training stimulus the greater 
the time elapsing since exposure to the 
training stimulus. These findings are 
consistent with the hypothesis that the 
number of jnd's separating two similar 
stimuli decreases as the presentation 
interval increases. Assuming this hy- 
pothesis, the notion of a stable general- 
ized habit strength may be maintained 
provided that the stimulus dimension is 
specified in psychophysical units which 


have been obtained using time as a 
parameter in the scaling procedure. 
Thus, equal generalization would be 


expected with different time intervals 
between training and testing if more 
dissimilar stimuli were employed as the 
temporal interval increased. For in- 
stance, from Fig. 1, following training to 
a 50-mm. line, the response to a 53-mm. 
line after 4 min. and to a 55-mm. line 
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after 8 min. would be expected to be 
equal. The obtained effect of order 
suggests that caution must be used if 
scaling procedures are employed in the 
proposed manner. 
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AX ANGRAM SOLU ILTON 
INDIVIDUAL DIFFE 
DIGRAM F 


M: E- TRESSELI 


Department of Indus ^am 
2 groups of 20 Ss each, selected on 
on skeleton-word test designe: 
stored digram frequencies, were | 
Anagram letter order, anagram d 


word Thorndike-Lorze frequencies were held constant, 


word, digram-frequency totals va 


5 anagrams had medium totals, and 3 a 


totals. The results show 
ad systematically 
ised and (b) Ss with high 
anagrams significantly fas 
The findings w 
model of proble 


ter than 
scores, 


In several earlier studies (Mayzner 

& Tresselt, 1958, 1959, 1962a, 1963, 
1964) the effects of a number of vari- 
ables on anagram solution times were 
examined within the framework of an 
S-R mediational model of problem- 
solving behavior (INendler, 1961: 
Kendler & Kendler, 1962). In apply- 
ing this model, the position was taken 
that an anagram constitutes a problem 
whose stimulus properties evoke a 
variety of implicit or mediational re- 
sponses in S, and the variables 
study—viz., anagram letter 

solution-word frequency, anagram 
transition probability, and word tran- 
sition probability —were related to the 
processes underlying the produc 
of such implicit responses. 

More specifically, the use of an S-R 
mediational model in conceptualizing 
anagram problem solving involves the 
following critical assumptions: (a) 
when presented with the . stimulus 
array of letters which constitutes the 
anagram problem, 5 begins making a 
series of implicit responses that in- 
volve successive ipeo es al 
the letters into new combinations; 


under 
order, 


tion 


solution-word 


TIMES: A FUNCTION OF 
ERENCES IN STORED 
REQUENCIES 


AND M.S. MAYZNER 


d Operations Research, New York Univers uy 


the basis of their scores ( high vs. low) 
l to assess individual differences. in 
resented with a set of 15 
igram-frequency totals, 


anagrams. 
and solution- 
only solution- 
anagrams had low totals, 
nagrams had high digram-fre- 
ed that (aj anagram solution times 
eo digram-frequency totals 


ried, i.e., 5 


-stored digram-frequeney scores solved 


Ss with low-stored digram-frequeney 


ere interpreted as supporting an S-R mediational 
m-solving behavior. 


(h) these rearrangements may involve 
all of the letters in the anagram OF 
some smaller the smallest 
possible subset being two letters: 
(c) the production of these letter re- 
arrangements should reflect their fre- 
quency of occurrence in the language 

e.g., two-letter rearrangements (di- 
grams) with high frequencies of occur- 
rence in the language, and therefore 
presumably high in S's response 
hierarchy, should be produced. sooner 
and in larger numbers than digrams 
with low frequencies of occurrence in 
the language, and therefore presum- 
ably low in S's response hierarchy: 
and (d) S solves the anagram when 
one of these implicit rearrangements 
matches the word solution, S recog- 
nizes that a match has occurred, and 
finally responds overtly with the word 
solution. The overall solution process 
then is conceptualized in terms of a 
series of successive rearrangements OF 
a chain of “linked” implicit responses. 

In the foregoing analysis, the third 
assumption c states, in part, that 
digrams with high frequencies 0 
occurrence in the language should also 
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subset, 


INDIVIDUAL DIFFERENCES IN. ANAGRAM SOLUTION 


TABL 


OCIATED THORNDIKE-LORGE (T-L) AND DiGRAM 
FVREQUENCIES (DF), AND MEDIAN SOLUTION Times (IN 


ANAGRAMS, SOLUTION WORD 


FOR HiH- 


Anagrams DE Solution Words 
NKCUL | 123 INCUR 
PMUOI | 170 OPIUM 
PHMNY LH NYMPH 
RRCSI 172 SCRUB 
OAPNE 107 APRON 
OCBNA 161 BACON 
TODNW 107 ENDOW 
LIVIA 05 | VITAL 
PNCIA 187 PANIC 
AWKLE 107 BRAWI 
HUOCG 139 | COUGH 
EBRI | 108 BLARE 
sprue 145 Joust 
IENLG 143 BLING 
hOKKE 176 POKER 


be high in S's response hierarchy. 
Evidence supporting this assumption 
(Mayzner & Tresselt, 19602b) showed 
that Ss can indeed rank order the 
frequeney with which digrams occur 
in the language. However, no test 
has yet been made to determine if Ss 
who excel in this ranking task, and 
therefore presumably have more such 
digram frequencies “stored” than Ss 
who are poor in this task, also excel in 
solving anagrams. ‘The present study 
is directed to this issue. 


METHOD 


Subjects — The Ss were 40 students from 
an introductory psychology course at New 
York University. No S had served in any 
previous anagram study. 

Stimulus material.— The stimulus material 
consisted of 15 five-letter anagrams typed in 
caps on white 3 X 5in cards. Since previous 
studies (Mayzner & Tresselt, 1958, 1959, 
19624, 1963) bave shown the importance of 
anagram letter order, solution-word fre- 
quency, and anagram solution-word, 
transition-probability totals, i.e summed- 
Sequential digram-frequency values, these 


and 
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ET 


Mdn. Solution Times 


DF rt TA bosas 
High Low 
3 8 iS 240.0 
= 7 c] 240.0 
bi 13 0 71.5 
10 i4 | 5 80.5 
12 17 s 143.5 
31 12 5 184.0 
43 12 .0 | 240.0 
| 03 2] | 12.5 | 29.0 
| 87 19 44.0 91.0 
99 5 | 6.5 14.5 
308 I8 10.5 27.0 
| 321 3 | 144.0 | 240.0 
| 323 12 9.0 143.0 
aM 15 2:0 6.0 
390 4 | 175 | 28.5 


variables were controlled for in the present 
studv, follows: (a) all anagrams were 
presented using hard letter orders; (b) all 
solution words had low and approximately 
equal Thorndike-Lorge (1944) frequency 
counts ranging from a low of 2 occurrences 
per million words to a high of 21 occurrences 
per million words; (c) all anagrams had 
relatively low and approximately equal 
summed-sequential digram-frequency values; 
and (d) word solutions were selected so thet 
the associated. summed-sequential, digram- 
frequency. values resulted in a group of five 
solution words with low summed values 
(ranging from 8 to 17), a group of five solution 
words with medium summed values (ranging 
from 31 to 99), and a group of five solution 
words with high summed values (ranging 
from 308 to 349). | 

AME anagrams, solution-words, associated 
summed digram-frequeney values, and Thorn- 
dike-Lorge frequency values, are presented 
in Table 1. The sunimed-sequential, digram- 
frequency values shown in Table 1 were 
derived from digram-frequency tables based 
on a sample of 20,000 words (Mayzner & 
1 resselt, 19620). The summed values shown 
following the anagrams are based on total 
frequency counts, eg, for the anagram 
“secur” the tables give frequency counts of 
2, 22, 34, and 65, respectively, for the se- 


quential digrams "NR," “Re,” and 


as 


Wage t 


CU, 
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“vr” or a summed value of 123. These 
quency counts, 2, 22, 34, and 65, n t ie 
total frequency with which these meia 
appear in the 20,000-word sample. In con- 
tr 3 t to the anagram values, the sequential 
digram-frequency values associated se es 
word solutions are based not on tota a 
quency counts, but rather on frequency 
i 2 which take word-length and letter- 
counts CST into consideration. For 
position variations i Leid gt ed 
example, with the word "INCUR," the tà e 
vive frequency counts ef 1, 0 1 and 2, 
respectively. with a summed value of 3, for 
the sequential digrams “IN, NC, cu, 

and "vm" and are based on the frequencies 
with which “IN” occurs in the first and 
second position of five-letter words, "Nc 

occurs in the second and third position of 
five-letter words, etc. The rationale for the 
distinction between total digram-frequency 
values as applied to anagrams and word- 
length and letter-position digram-frequency 
values as applied to word solutions may be 
found in a recent study by Mayzner and 
Tresselt (1963). 

In brief, differences in solution time be- 
tween the anagrams should occur only among 
the three solution-word groups having low, 
medium, and high summed digram-frequency 
values, since all other variables, i.e., anagram 
letter order, solution-word frequency, and 
anagram digram frequencies, have been held 
constant. Solution-word, digram-frequency 
values were specifically varied to determine 
if the major variable under study, viz., 
individual differences in stored digram fre- 
quencies, might interact with solution-word 
digram frequencies. 

Procedure.—Individual differences in stored 
digram-frequency values were assessed by a 
skeleton-word procedure developed in a 
previous study (Mayzner & Tresselt, 1962b). 
Using this procedure Ss were presented in the 
present study with 60 skeleton-word items, 
The format for a typical item was as follows: 
F———; Rm I—, L— The S was 
instructed that each item represented a 
skeleton word, with the number of dashes 
representing the number of missing letters, 
and that his task was to rank order the three 
letters following the skeleton word in terms 
of the frequency with which he judged, e.g., 
that the digrams FR, FI, and FL, would occur 
in English in the first and second positions 
of a four-letter word. The 60 skeleton-word 
items that were used varied in length from 
three to seven letters and in the letter position 


[ the digrams that were to be judged. 
n ns were scored as correct if 5s rank ordered 
ems i 


the three digrams in correspondence with the 
word-length and letter-position frequency 
values of these digrams, as given in the 
Mayzner and Tresselt tables (1962c). 

A total of 106 Ss, in an introductory 
psychology class at New York University, 
were given this 60-item, skeleton-word test. 
The number of items gotten correctly ranged 
from a low of 9 to a high of 27; 10 correct 
represents a chance level of performance. 
From this distribution of 106 scores, 20 Ss 
with scores ranging from 9 to 18 correct (low 
group) and 20 Ss with scores ranging from 
19 to 27 correct (high group) were selected 
as representing a  low-stored,  digram-fre- 
quency group and a high-stored, digram- 
frequency group. 


These 40 Ss were each given in individual 
testing sessions, several weeks after the 
skeleton-word test had been given, the 15 
anagrams shown in Table 1. Each .S received 
the anagrams in a different random order and 
was allowed 240 sec. to reach a solution. [f no 
solution occurred within 240 sec., .S was told 
the solution and then given the next anagram. 
Solutions were given by S verbally (i.e 
S had no paper or pencil) and solution times 
were recorded with a stop watch. 


RESULTS AND DISCUSSION 


Three groups of solution words 
having high, medium, and low sum- 
med digram-frequency values were 
employed and for each group five 
solution times were available from 
each S for analysis. Three median 
solution times were calculated for 
each S for each group of five time 
Scores and served as the criterion 
measures of performance. Medians 
were selected rather than means be- 
cause of skewed distributions and the 
artificial ceiling imposed by the 240- 
sec. time limit per anagram. 

Means and standard deviations 
were then calculated, based on the 
three median criterion time scores, fot 
the three levels of solution-word; 
digram-frequency values and the two 
levels of stored digram frequencies, 
and are presented in Table 2. AP- 
plication of a 2 X 3 mixed analysis-of- 
Variance design (Edwards, 1960, P- 
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TABLE: 2 


ANAGRAM SOLUTION Times (IN SECONDS) FOR 
SoLUrION-WORD AND STORED 


DiGkRAM-FREQUENCY GROUPS 


5 E -Word Digram Frequencies 
Storeii Solution-Word Digram Frequenci 
. Digram — 
"requencies 


High Medium Low 
High 
M | 36.80 80.15 
ND | 22:52 68.55 
Low 
M 85.25 | 123.30 143.90 
SD 35.28 89.30 | 86.99 
Note.- Based on medians. 


227) to the results shown in Table 2 
Yields an F (1, 38) = 21.90, p < .001 
for the stored digram-frequency main 
Cflect, an F (2, 76) = 7.30, p < .005 
Or the solution-word, digan fre- 
quency main effect, and an (2, 76) 

= 46, p ».20 for the interaction 
term, 

In addition to the analysis of solu- 
lion times based on S's performance, 
àn individual word analysis also was 
Performed. In the word analysis, 
there were available 20 time scores 
for each word for the high-stored, 
digram-frequency group and 20 time 


scores for each word for the low- 
stored, digram-frequency group. The 


medians of these two 20 time-score 
distributions were calculated and are 
presented in Table 1. In every one of 
the 15 comparisons possible, the 
median solution time is less for the 
high-stored, digram-frequency group 
than for the low-stored, digram- 
frequency group and an application of 
the sign test (Siegel, 1956, p. 68) to 
these 15 differences yieldsa p < .001. 


_ The present study represents a con- 
Unuing attempt (Mayzner & Tresselt, 

58, 1959, 1962a, 1962b, 1963, 1964) to 
test various assumptions of a general 


S-R mediational model of problem- 
solving behavior (Kendler, 1961: Kendler 
& Kendler, 1962) as they apply to the 
specifics of anagram problem solving. In 
the earlier work, emphasis was placed on 
"model" variables which involved sys- 
tematic variations in the stimulus prop- 
erties of the anagram and the solution 
word. In contrast, the present experi- 
ment has been concerned with relating 
possible individual-difference factors in 
S to anagram solution times. 

It appears evident from the results of 
this study that Ss who have accurately 
"stored" digram-frequency information, 
as reflected in high scores on the skeleton- 
word test, solve anagrams much faster 
than Ss who do not have such informa- 
tion in storage, as reflected in low scores 
on the skeleton-word test. Such in- 
dividual differences in stored digram 
frequencies provide still one more source 
of variance contributing to anagram 
solution times, which has been identified 
by the use of an S-R mediational model, 
and again provides support for the model 
as a useful way of conceptualizing 
problem-solving behavior. 
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PSYCHOPIIYSICAL ANALYSIS OF THE ODOR INTENSITY 
OF HOMOLOGOUS ALCOHOLS ! 


IRYGG ENGEN 


Brown. University 


Change in the human infant's respiration was used as an index of the 


intensity of homologous. alcohols. 


At 100 concentration intensity 


decreases but at threshold concentration intensity increases with in- 


creasing chain length. 


Psychophysical scaling with adult Os indicates 


that the infant results are not inconsistent because the slope of the 
psychophysical function also decreases with increasing chain length. 


These findings are pertinent to olfac 


Homologous series of alcohols have 
been used in the study of olfaction to 
Measure the effect on odor of physical 
rather than chemical properties, for 
n ascending such a series there is a 
gradual change in physical properties 
Such as vapor pressure and solubilities 
While chemical and structural changes 
are minimal. Most studies have been 
Concerned with intensity or stimulus 
efficiency and have involved a variety 
Of organisms and experimental pro- 
cedures. The relationship between 
the intensity of an alcohol and its 
Position in the homologous series, 
however, has not been firmly es- 
tablished (Moulton & Eayrs, 1960). 
One reason for this is that no complete 
psychophysical analysis has been 
made for any of the organisms used. 
Typically investigators have deter- 
mined only thresholds or some other 
suprathreshold concentration for each 
alcohol. One index of this sort has 
then been used as the sole measure 
of the intensity of the odor, although 
it has long been suspected that 
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(GB-724) from the National Science Founda- 
tion. Lewis P. Lipsitt kindly gave us the 
Opportunity to conduct the infant research 
through his United States Public Health 
Service Grant (NB 04268). William S. Cain 
Carried out the adult-scaling experiment, and 
a LOU) Westlake assisted in the infant 

Xperiments. 


611 


tion as well as psychophys 


threshold data may not predict supra- 
threshold data and vice versa (Kruger, 
Feldzamen, & Miles, 1955). 

The present paper presents both 
threshold and suprathreshold data on 
the human infant, a very good psycho- 
physical S because of the simplicity of 
the response which can be obtained 
from it. Supplementary psycho- 
physical scales were also obtained 
from the human adult. 


METHOD 


Subjects.— The Ss in the first two basic 
experiments were 125 apparently normal 
human infants. Their mean age was 58 hr. 
with a range of 20-105. There were more 
girls than boys (roughly 2:1) because boys 
were often circumcised during the period 
when thev were normally available for the 
experiment. The Ss had not participated in 
any previous clfaction experiments. Forty- 
two graduate students and staff members of 
the psychology department served as Os in 
the scaling experiments. 

Apparatus and materials.—The infant ex- 
periments utilized a stabilimeter crib designed 
for measurement of various responses (Lip- 
sitt & DeLucia, 1900). In this case breathing 
was observed with a Phipps and Bird infant 
pneumograph attached around the abdomen 


and recorded on a Grass polygraph (Model 
5X) run at 5 mm/sec. d 
The odorants were a series of homologous 
alcohols ranging from ethanol to decanol, or 
2-10 carbon atoms, except nonanol which 
was not available; the alcohols were supplied 
by _Eastman Organic Chemicals and were 
redistilled. Diethyl phthalate produced by 
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Fritzsche Brothers was used as diluent in the 
infant threshold and adult-scaling experi- 
ments after comparisons with distilled water. 

One cubic centimeter of each odorant was 
prepared in a 10 X 74 mm. Pyrex test tube 
stopped with a cork wrapped in aluminum 
foil. The odorants were presented to Ss on 
cotton wrapped around a glass rod attached 
to the cork. The cotton was kept in the test 


UEM i d 


TE 
TRIAL | 


Buts] amas 


rr 
TRIAL 2 


YY YIN 


— — — — 
TRIAL 3 


PRODI ciens us PPS, i, ps pom m 


o 
TRIAL 4 


DIIS PISIS UE 
-————— Bü  ? — 


TRIAL 5 


Fic. 1. Sample breathing record showing 
10-sec. pen marks for five consecutive 
presentations of a 100% concentration of 
pentanol. (The event marker moved u 
with inspiration and down with expiration. 
Responses, as defined in text, were obtained 
on Trials 1, 2, and 3 but not on Trials 4 and 5 
The response usually occurs after about three 
inspirations.) 
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tube and partially immersed in the liquid 
odorant when not in use. 
- The experiment was per- 
formed at the Providence Lying-In Hospital. 
The temperature in the infant laboratory 
Was maintained close to 78^ F. AMI infants 
were tested individually between. 10:00 and 
11:00 AM., approximately 1 hr. after feeding 
at the time when they are relatively quiet 
and sleepy. The infant was placed on its 
back in the stabilimeter crib and the pneumo- 
graph was attached. ‘Testing would start 
S hen the 2 Es judged the infant to be asleep» 
Le. eyes closed, regular breathing, and no 
activity indicated on the polygraph, Occa- 
sionally an infant could not be used because 
of failure to quiet down according to this 
criterion, The infants were assigned a 
random to the conditions of each experiment- 
One E presented the stimuli to S, while 
the other E entered pen-marker signals 0" 
the polygraph paper to record the start an 
removal of each stimulus. A trial consistec 
of holding the cotton about 5 mm. below S's 
nostrils for 10 sec. Sometimes S responded 
by moving its head and this ended the trial- 
A trial was presented every 30 sec., although 
at times a longer interval was required before 
the infant settled down again to the pretri? 
criterion. A response was defined as 4nY 
disruption in S's normal breathing pattern by 
increase or decrease in amplitude and rate 
(Engen, Lipsitt, & Kaye, 1963). More that 
one form of change often occurred in the sa? 
record, but only one was required for the 
present definition of response. Since tensio” 
on the pneumograph strap varied between ~ Ar 
amplitude cannot be quantitatively specified, 
but rate was normally 30-50 cycles/min in the 
sleeping infant. 7 : 
One group of 10 infants was run for five 
trials but with only the odorless diluent en 
the cotton rather than alcohol. For only 
three of those 10 Ss a change in the breathing 
record was obtained on one of the five trit 
^ response frequency safely below that 
experimental Ss described below. 


Procedure. 


RESULTS 


_Experiment I: Undiluted alcohol 
Five trials were administered to €^ i 
infant with an alcohol at 100% C7” 
centration following the proceder 
used earlier (Engen et al., 1963) iie 1 
other odorants. A sample record p 
one infant is presented in Fig. 1. : of 
Score for each infant was the numb? 


ODOR 


MEAN RESPONSE 
LOG VAPOR PRESSURE 


8 9 10 
CHAIN LENGTH 


E 4 5 © T 


Fic. 2. Mean response (e) and log vapor 
Pressure (0) at 25? C. as function of alcohol 
Chain length. (The curve was fitted by'eye.) 


of responses given on those five tri: 
There were 10 different Ss in each 
Sroup, and each group was presented 
With only one of the eight alcohols. 
The results are presented in Fig. 2 
Which shows clearly that the mean 
Number of responses is a decreasing 
function of the number of carbon 
atoms in the chain. It is not known 
Why the point for heptanol (7) devi- 
ates from the otherwise monotonic 
function. The SD for each point 
plotted in Fig. 2 is about 1.2. There 
is a suggestion that variability of 
response is proportional to chain 
length, or inversely proportional to 
intensity. Figure 2 also presents the 
vapor pressures of the alcohols, which 
show a decline with chain length very 
similar to the infant's response. 

The results of this experiment are 
in agreement with results reported by 
Kruger et al. (1955) with adult human 
Os who matched the intensities of 
€ach of these alcohols to one of a 
range of concentrations of heptanal. 


They conclude: 


B Within most of the range of alcohols 
ae it was found that olfactory intensity 
Creases with longer chain molecules. This 
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trend appears, however, to be reversed after 
correcting for vapor-pressure [p. 394]. 


However, most of the research in this 
area has shown that threshold con- 
centrations of these alcohols for flies 
(Dethier & Yost, 1952) and rats 
(Moulton & Eavrs, 1960) as well as 
human Os (Skramlik, 1948) decrease 
as a function of chain length without 
correcting for vapor pressure. In 
other words, on this basis the longer 
chain alcohols are more intense or 
efficient stimuli than the shorter chain 
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TRIAL 4 6.25% 


ic. 3. Sample breathing record showing 
10-sec. pen marks for consecutive trials with 
a geometrically increasing concentration of 
pentanol. (Threshold as defined here is 
reached on Trial 4 with 6.25% concentration, 
The record for Trial 1 is doubtful but is not 
considered a threshold response since there is 
no change in breathing pattern during the 
nest two trials with increased concentration.) 
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Fic. 4. Threshold concentration as fune- 


tion of alcohol chain length. 


(The line was 
ñtted by eye.) 


alcohols. The next experiment there- 
fore concerned threshold determina- 
tions in the human infant. 
Experiment II: Alcohol detection. - 
The experiment used the method of 
limits applied in earlier research (Lip- 
sitt, Engen, & Kaye, 1963). A logs 
concentration dilution series of the 
odorant was prepared by pipette. On 
the first trial the infant was presented 
a concentration well below threshold 
and the concentration of the odorant 
was doubled in successive trials until 
the infant responded. ‘The concentra- 
tion used on that trial defines thre 
old in this case. A sample record is 
shown in Fig. 3. In other respects the 
procedure was the same as above. 
Thresholds were obtained for ethanol, 
propanol, pentanol, octanol, and de- 
canol for five groups of five Ss. The 
mean thresholds are plotted in Fi 


fi ig. 4 
and are also a decreasing function of 
chain length. 


The SD is approxi- 
mately one half step on the geometric- 
concentration scale for each group. 
When water was used as diluent, no 
appreciable change was noted for 
propanol in either mean or SD but for 
etel the threshold. was 1. log, 
dim higher and the SD was 1.36 as 


sh- 
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compared with .49 for dilution with 
diethyl phthalate. This latter finding 
is not surprising, considering the low 
solubility of octanol in water. The 
distribution of alcohol in the water 
was obviously uneven; in fact the 
solution was difficult to prepare for 
it clogged the pipette. In an pee 
experiment with adults as Os, anc 
benzyl benzoate as diluent, thresholds 
were also less reliable (SDs of about 
2.5) and revealed no clear relationship 
with chain length (Engen, 1963). 

It is now apparent that the infant 
has produced two sets of conflicuns 
data on alcohol intensity. geas 
ured by responsiveness to 100°; con- 
centrations, the shorter the chain sae 
stronger the alcohol, but as measure’ 
by threshold concentrations, jw 
longer the chain the more efficient tht 
alcohol. |t was not possible to deter 
mine vapor pressures and merni 
dynamic activities (Dethier & bg : 
1952) in the present case, but y 
present threshold data agree In ^ 
general way with the analysis 
Moulton and Eavrs (1960) who con 
clude, on the basis of their own cat 
other workers’ published results, im 
threshold expressed as pressure p» 
pears to be a linear function of 1? 
chain length. " 

A problem remaining now 15 
determine the magnitude of respo Bs 
for solutions between threshold p 
centration and 100% concentrat! 


ol 


to 
nse 


: H a anc 
of the alcohols with a simple sen 
direct approach. With the pre to 


: able 
infant apparatus we were abk 
determine only the presence Of a 
sence of response. Therefore ip 


vi 
turned to the adult human O “ ne 


a 


apparent conflict in results à 
found in the present data is ne : 
provided by the data of Kruger & 44 
(1955) on 100% concentrations ud ay 
the data of Skramlik (1948) on um 


ODOR 


old, it is not unreasonable to turn to 
adult Ss for this further scaling. 
Experiment 111: Scaling.—This ex- 
periment applied the method of 
magnitude estimation without a pre- 
scribed modulus (Stevens, 1950) to a 
range of concentrations of propanol 
and represent 
Seven 


octanol, selected to 
short vs, long chain lengths. 
concentrations of each alcohol were 
used, These concentrations varied 
from 100; to 1.56€, and therefore 
roughly covered the range used with 
infants. Thus the same stimuli are 
used, but in this experiment response 
Magnitude is evaluated by numerical 
judgments of intensity. from sniting 
the cotton. ‘This procedure has been 
described earlier (Engen & Lindstrém, 
1963). 

The instructions read to O stressed 
that he should judge intensity with a 
constant sniff and ignore all other 
attributes of the odor. Hle had no 
knowledge of the infant data; nor was 
he informed about the stimuli. His 
task was to assign any number he felt 
appropriate to the intensity of the 
first stimulus, and assign numbers to 
subsequent stimuli presented 1 min. 
apart such that the numbers were 
proportional to the intensity of the 
odors on a ratio scale. The Os were 
randomly divided into two groups 
of 11. Each concentration was pre- 
sented twice, and a different irregular 
order was used for each O. Geometric 
means were computed for the numbers 
assigned to each stimulus and these 
are plotted against concentration in 
lig. 5 in log coordinates. The lines 
are fitted by the method of least 
squares and indicate that both sets of 
data conform to the power law (Engen 
& Lindström, 1963). llowever, there 
is a surprising dillerence in the slope 
(13 vs. .42), the parameter which 
Senerally specifies the input-output 
Characteristic of a sense modality 
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Fic. 5. Log magnitude-estimation scale as 
function of concentration of octanol (Cs) and 
propanol (C:). 


(Stevens, 1957). A preliminary ver- 
sion of the present experiment with 
two similar groups of 10 Os indicated 
the same difference in slope but overall 
octanol was judged somewhat weaker. 

Propanol is stronger than octanol 
at 100€, concentration, but while the 
intensity of propanol decreases rapidly 
with dilution and approaches thresh- 
old at 1.56°¢, the intensity of octanol 
changes very little when diluted in the 
same manner. In fact, several Os 
assigned a higher number to the 1.56% 
than they did to the 100% concentra- 
tion of octyl alcohol, an error rarely 
made even with two adjacent concen- 
trations of propanol. 


Discussion 


: It can now be scen that the results of 
Exp. I and II are consistent, assuming 
that the slope of the psychophysical func- 
tion decreases with chain length as in 
Ey p. Ru "T hrsehold concentrations, 
intensity of undiluted alcohols, and the 
degree to which dilution affects this in- 
tensity, all decrease with increasing chain 
length. It is clear that one cannot 
generalize about the intensity of a whole 
range of effective stimulus concentrations 
with information about only thresholds 
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or other selected values. This kind ol 
prediction must be made on the basis of 
the appropriate psychophysical scale, 
which in the present case ought to be 
determined for the infant. However, the 
present psychophysical analysis points 
to the similarity of certain aspects of 
olfaction in different organisms despite 
structural and developmental differences. 
i The results on undiluted alcohols 
verify the importance of vapor pressure 
and it has been shown that thermo- 
dynamic activity is involved (for review 
sce Moulton & Eayrs, 1960). However, 
the different slopes of the otherwise 
similar psychophysical scales obtained 
for propanol and octanol suggest that 
something more than vapor pressure 
determines the magnitude of response. 
The receptors respond to variation in 
concentration of the two alcohols in the 
same manner (power function) but not 
to the same degree (slope) 
dilution has a much gre 
propanol than octanol. This latter 
difference might be akin to the binding 
force of molecules with the receptors de- 
scribed in Beidler's taste theory (1961). 

Of course it is not clear what kind of 
receptors are stimulated with the present 
methodology. Tucker (1963) has shown 
with simultaneous electr 
recording from the prim 
nerve fiber and the trige 
the rabbit that at high co 
trigeminal nerve probabl 
fore the olfactory nerve 
alcohols. Generally, 
threshold concentrati 


required to stimulate the trigeminal 
nerve than the olfactory nerve. It is 
possible, e.g., that the infant's responses 
to at least some undiluted alcohols de- 
pend largely on the trigeminal nerve 
endings, while responses to threshold 
concentrations depend more on olfactory 
receptors. Only further Simultaneous 
recording from both nerves could settle 
this problem, which may also be the 
basis for qualitative variation. of the 
smell of alcohols correlated with chain 
length (Engen, 1964). Nevertheless, 
progress has been made on the “outer” 
psychophysics of homologous alcohols. 


» because 
ater effect on 


ophysiological 
ary olfactory 
minal nerve in 
ncentration the 
Y responds be- 
to short chain 
however, a higher 
on of an odorant is 
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CUTANEOUS SOUND: LOCALIZATION" 


GEORGE A. GESCHEIDER ? 


University of Virginia 


Cutaneous sound localization when stimuli were delivered to the skin 
through a pair of vibrators was compared with auditory localization 
when stimuli were presented through earphones. Auditory localization 
was more precise for random noise bursts than for low-frequency tones. 
Cutaneous localization, however, was as accurate for the tone as for the 


noise stimuli. 
loc tion of low tones w 
localization of low tones. 


Comparisons between modalities revealed that cutaneous 
s a great deal more precise than auditory 
Localization of noise bursts, however, was 


slightly more accurately performed by the ears than by the skin, as was 


the case with 1-msec. clicks. 
and temporal-difference c 
influenced by both types of cue. 


depend mainly on intensity differences. 


Independent manipulation of intensity- 
s revealed that auditory localization was 
Cutaneous localization was found to 


Small time-difference effects 


were observed, however, and were found to depend on the locus of 


stimulation, 


One approach to sensory experi- 
mentation is the investigation of 
phenomena common to the various 
sensory modalities. Much of the work 
of Békésy, e.g. is typical of this 
approach. lle has reported that with 
training human Ss can accurately 
localize sound sources when stimula- 
tion is exclusively cutaneous (Békésy, 
1955). In this experiment, the two 
forearms were stimulated by means 
of cochlear models. Acoustic stimuli 
activated two spatially separated 
microphones, and the signals were 
amplified to drive the two cochlear 
models. This arrangement presented 
to the two forearms the temporal and 
intensive differences in stimulation 
known to play important roles in 
auditory localization. The experi- 


! This investigation was supported in part 
by Public Health Service Research Grant 
NB04177 from the National Institute of 
Neurological Diseases and Blindness. It is 
based on a dissertation submitted in partial 
fulfillment of the requirements for the PhD 
degree at the University of Virginia. The 
author would like to thank Raymond C. Bice 
and John F. Hahn for their help throughout 
the project. 

? Now at Hamilton College. 


ments described in this report were 
designed to compare the precision of 
cutaneous and auditory localization 
and to provide evidence concerning 
cue utilization in both modalities. 


EXPERIMENT | 


Since the ear localizes noises more 
precisely than pure tones (Rayleigh, 
1877; Stevens & Newman, 1936), an 
attempt was made to compare the 
localization of these two kinds of 
stimuli by the skin. 

Auditory localization is known to 
depend upon cues produced by tem- 
poral and intensive differences in 
stimulation between the two ears, the 
relative importance of each being 
dependent upon specific stimulus con- 
ditions. Cue utilization for both 
cutaneous and auditory localization 
was compared by measuring the 
effects of providing Ss with conflicting 
temporal and intensive cues. : 


Method 
: Subjects.—Eight Ss, male students at the 
University of Virginia, were employed. 


Abparatus.—Stimuli were presented 
through a 4-in. dynamic speaker located a few 
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Fic. 1. Diagram of apparatus for Exp. I. 


inches from the inner wall of à circular en- 
closure 7} ft. in diameter and 7 ft. high made 
of l-in. fiberglass. Two low-impedance 
dynamic microphones were mounted 27 cm. 
apart on a horizontal bar located in the center 
of the enclosure 80 cm. from the speaker. 
By rotation of this horizontal bar the micro- 
phone axis could be rotated in relation to the 
fixed speaker location. The rotation in 
degrees was read from a Scale below the 
horizontal bar. A cylindrical roll of fiber- 
glass between the microphones Served as an 
analog of the human head, producing a 
sound shadow for the higher frequencies. 
Acoustic stimuli produced by the speaker 
activated the two microphones, the signals 
from which were separately amplified and 
controlled by solid-state preamplifiers, ampli- 
fiers, and attenuators (Fig. 1), 
In a separate cubicle the electric: 
were transduced to mechanical energy by 
either a pair of Goodmans V-47 vibrators 
or by earphones. The vibrators were used to 
deliver stimulation to the index fingertips of 
the two hands. It can be seen in Fig. 1 that 
each earphone or vibrator was anven by an 
independent doggie tire inen al 
fier system. Thus, when und-source 


al signals 
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tom was varied, this 


arrangement per 
mitted preservation between the two channels 
of temporal and intensive differences. ! 

The S was seated in the dark behind a 
semicircular board 72 in. in diameter, The 
vibrators were mounted below the edge of the 
beard at approximately knee level. ! In 
response to auditory or cutaneous. stimuli, a 
Vin. luminous pointer could be rotated by ^ 
on à pivotal point at the center of the semi- 
circle A sale with 17 units from 90° left 
to 90° right was painted on the board so that 
a displacement of the pointer could be read 
and reported by S. Located at ev ery 157 on 
the circumference of the board were dim red 
lights to provide knowledge of results (KR) 
after each judgment, 


Thirteen microphone 
positions corresponding to the 13 light posi- 
tions were used during the experiment. . 
The stimuli used in Exp. I were noise 
bursts. and low-frequency tones. of I-sec. 
duration, 
by a 
gencer: 


The noise bursts were produced 
Grason-Stadler Model 901A 
T. The noise had a speech-frequency 
bandwidth of equal energy per cycle, filtered 
to fall off at 12 db. per octave above 1,000 eps- 
The frequency response of the vibrators and 
of the sense of touch both required the selec- 
tion of a tone of relatively low frequency, and 
it was determined empirically that a frequency 
of 187 cps produced minimal distortion by 
reflection from the walls of the room, The 
tones were produced by a General Radio 
913-C beat-frequency oscillator, The output 
of the oscillator or noise generator was Con- 
trolled by a switching amplifier to eliminate 
transients. Stimulus duration was controlled 
by a timer. 
Procedure. 


noise 


Each S was observed under 
all modality stimulus conditions. A 4x4 
balanced Latin square containing conditions 
of cutaneous and auditory localization of 
tones and noise bursts determined the order 
of conditions for each S. Three experimental 
sessions were conducted successively under 
eich of the four conditions. Five trials were 
administered during each of the first two 
sessions and two trials during the third ses- 
sion. Zach trial consisted of a randoni 
presentation of the 13 sound-source locations 
which varied in azimuth from 90° to the left 
to 90° to the right, l 

At the beginning of each sessicn the sound 
Source was set at 0° azimuth and the intensity’ 
level of the left channel was adjusted until > 
reported the sensation to be localized at v 
azimuth. The obtained attenuator sertng= 
were then maintained throughout the session- 

The following occurred with each stimulus 
Presentation: (a) a small light mounted on 
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the pointer was turned on as a ready signal 
and 2 sec. later the stimulus was presented; 
(A) after the pointer was adjusted by S the 
appropriate KR light was presented; and 
(©) S verbally reported the pointer-scale 
reading in degrees. 

Following Trials 11 and 12 of the third 
session for a given condition, the relative 
importance of intensive and temporal cues 
Was investigated. The voltage at each ear- 
phone or vibrator produced by stimulus 
presentation was measured for each of the 
13 sound-source locations, Voltage differ- 
ences between the two transducers repre- 
sented the intensive cues associated with 
various locations. lt was expected that if 
temporal cues were not used by S, setting the 
sound source at 0° azimuth (zero time ditfer- 
ence) and directly producing the voltages 
associated with the various sound-source 
locations (Cond. 1) would lead to no signiti- 
cant change in judgments from those ob- 
served on Trials 11 and 12 (Cond. IT). Hf, 
however, temporal cues are important, it was 
expected that these operations would result 
in a shifting of all judgments toward the 0° 
azimuth. 


Results and Discussion 

Precision of localisation. The aver- 
age error. (discrepancy, ignoring sign, 
between pointer setting and sound- 
source location) in degrees was em- 
ployed as a measure of the precision of 
localization, Since auditory and cu- 
taneous localization improved equally 
with practice, statistical analysis was 
performed on the data combined over 
the 12 trials. 

Consistent with previous findings, 
auditory localization of noise bursts 
(average error 12.8°) was significantly 
more precise than localization of 
low-frequency tones (average error 
24.8°), P(1,18) = 128.18, p< Oi. 
Stevens and Newman (1936) have 
proposed that pure tones provide only 
a single cue to an S (phase differences 
for low-frequeney tones and intensity 
differences for high-frequency tones) 
and thus are not as precisely localized 
as more complex stimuli which provide 
both types of cue. The major cue for 
localizing low-frequency tones such as 
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those used in Exp. 1 is known to be 
the binaural phase difference. In the 
present experiment, however, there 
were also intensity differences for the 
low-frequency tone employed (7 db. at 
90° azimuth), indicating that condi- 
tions were different from those that 
exist when measurements are made 
between the ears of an actual human 
head in a retlection-free sound field 
(Sivian & White, 1933). It is likely 
that auditory tone localization was 
influenced by both intensity-difference 
and phase-ditference cues, but the 
presence of reflections led to distortion 
of the phase difference, thus limiting 
localization accuracy. Since a regular 
relationship existed between the volt- 
age differences between the trans- 
ducers and the sound-source locations, 
distortion of intensity cues could not 
account for the poor localization of 
tones. 

The average error for cutaneous lo- 
calization was not significantly differ- 
ent for noise (15.6°) and tone (14.37) 
stimuli, | 7 (1, 18) 135. S03: 
The results of independently manip- 
ulating temporal- and intensive-ditfer- 
ence cues revealed that the skin is 
responsive to intensity differences 
provided by noise and tone stimuli 
but is little influenced by temporal 
cues, whereas both cues affected audi- 
torv localization. (described below). 
"Thus, the distortion. of the phase- 
difference cue could not interfere with 
cutaneous tone localization as it did 
in auditory localization, 

Cutaneous localization of tone stim- 
uli was significantly more precise than 
auditory tone localization, F (1, 18) 

86.80, p < .01, Noise bursts, how- 
ever, were more precisely localized by 
the ears than the skin, F (1, 18) 
= 10.09, p < .01. 

Cue utilization —Vresented in Fig. 
2 is the mean pointer displacement as 
a function of sound-source location 
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SOUND SOURCE LOCATION IN DECREES 
Fic. 2. Mean pointer displacement as a 
function of sound-source locations 0°-90° 
(averaged over left and right quadrants) 
for IT and I cue conditions for auditory and 
cutaneous localization of noise bursts and 
tones. 


when both intensive and temporal 
differences were varied with the 
sound source (IT) and when intensive 
differences were varied with temporal 
differences always at zero (1). For 
auditory noise localization it is ap- 
parent that holding time differences 
constant at zero produced significant 
shifts toward 0° azimuth, F (1, 18) 
= 153.48, p < .01, 
nificant shifts in localization were not 
observed for cutaneous noise localiza- 
tion, F (1,18) = 1.00, p > .05. Thus, 
auditory noise localization was i 
fluenced by both intensive a 
poral cues while cutaneous loc 
was not affected by the temporal- 
difference cue but rather was entirely 
dependent upon intensive-difference 
vues. 

The data for tone localization reveal 
| similar though less dramatic story. 
significant IT-I shifts were observed 
or auditory localization, F (1,18) 
= 41.04, p « .01, indicating a de- 
endence on both phase-difference and 
itensity-difference cues. Since it is 
ssumed that low-frequency tones pro. 


In contrast, sig- 


n- 
nd tem- 
alization 


vide only phase-difference cues, much 
larger shifts in localization were ex- 
pected than those observed in the 
present experiment. However, | as 
stated earlier, acoustic conditions 
differed somewhat from those meas- 
ured for a human head in a reflection- 
free sound field. Cutancous localiza- 
tion of tones resulted in a very small 
but statistically significant IT-1 shift, 
F (1,18) = 4.95, p < .05, This shift 
was significantly smaller than the one 
observed for hearing, F (1, 18) — 9.00, 
P «.01. Thus, as was found for 
noise localization, the skin was much 
less sensitive to small temporal differ- 
ences in stimulation than were the ears. 


EXPERIMENT [I 


Experiment || was conducted to 
compare the precision of auditory and 
cutaneous localization of clicks. It 
was also hoped that the use of clicks 
would provide more data relevant to 
the problem of cue utilization in cuta- 
neous localization. The results of Exp. 
| seemed to indicate that the skin is 
relatively insensitive to the temporal 
cues provided by a noise or low- 
frequency tone. However, the short 
duration and abrupt onset of click 
stimulation offer optimal conditions 
for the occurrence of temporal effects 
on the skin, and therefore if temporal 
cues influence cutaneous localization 
at all it was felt that the use of clicks 
would reveal these effects, 

To increase stimulus control, a 
Sound field was not employed in Exp. 
Il. The cues were manipulated 
directly by electronically generating 
two separate clicks of desired teni- 
poral and intensive characteristics and 


delivering them independently to the 
two transducers, 


Method 


Subjects — Four 


University of Virginia 
Psychology g 


raduate students served as Ss. 


fr. 
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Apparatus.—J set of Tektronix 160-series 
components consisting of a power supply, 
waveform generator, and two pulse generators 
was used to generate clicks of variable 
amplitude, «duration, and time of onset. 
Signals from two pulse generators served to 
trigger two transistorized switches that 
applied 6-v. de power supplies to the trans- 
ducers. Intensity-difference cues were varied 
by increasing or decreasing the resistance in 
the two circuits. The intensity level of 
stimuli originating from 0° azimuth was 
approximately 60 db. SL and 40 db. SL for 
the auditory and cutaneous stimuli, re- 
spectively. 

As in Exp. I, stimuli were presented from 
13 sound-source locations. The time-ditfer- 
ence values for these locations ranged from 0 
to .653 msec. and corresponded to values 
determined between the ears of a human head 
in an actual sound field (Woodworth & 
Schlosberg, 1955). Since intensity-difference 
values were not available they had to be 
determined through the use of a psycho- 
physical procedure. A series of clicks having 
a binaural time difference associated with the 
45° sound-source location was presented by 
earphones to a single S, and the binaural 
intensity difference was varied until S re- 
ported the sound image to be localized at 45°. 
The psychophysically obtained intensity 
difference was approximately two thirds as 
large as the comparable difference measured 
between the microphones in the sound field 
of Exp. I. Furthermore, this reduction value 
of two thirds was found to hold for all 13 
sound-source locations.  Intensity-difference 
and time-difference values for sound-source 
locations from 0? to 90? to the left and right 
are presented in Table 1. 

Because it was felt that temporal effects 
on the skin might not be found for time 
differences within the range produced by an 
actual sound source (0 to .653 msec.), time 
differences of greater magnitude were also 
used (1, 2, 4, and 6 msec.). 

Since different transducers were used for 


D LOCALIZATION 621 
the ears and the skin it was essential that an 
electronically generated time delay produce 
the same delay in mechanical stimulation be- 
tween the earphones as between the vibrators. 
Observation on an oscilloscope of the response 
patterns of the vibrators and the earphones 
revealed this to be the case. Furthermore, 
when the vibrators were placed one next to 
each ear to deliver an audible click, a time 
delay of between 1 and 2 msec. displaced the 
sensation maximally to the ear first stimu- 
lated in exactly the same fashion as did the 
earphones. 

Procedure.—Auditory and cutaneous local- 
ization were observed on alternate days for a 
total of four sessions each. MI combinations 
of three cue conditions and 13 sound-source 
locations were presented once in a randomized 
order within a session. The three cue condi- 
tions consisted of: presenting together the 
intensity and time differences associated with 
the various sound-source locations (IT); 
holding constant at zero the time difference 
while intensity-difference cues were varied 
(1); and holding constant at zero the intensity 
difference while time-difference cues were 
varied ( T). 

Knowledge of results was provided only 
after localization of IT stimuli. It was felt 
that if IT performance was maintained at a 
high level throughout the session, | and T 
shifts in localization. could clearly be at- 
tributed to cue changes. 


Results and Discussion 

Precision of localisation.— The aver- 
age error for the localization of clicks 
was significantly smaller for the ears 
(8.0°) than for the fingertips (10.3°), 
F (1,75) = 6.46, p < .01. 

Cue ulilization.—ln Fig. 3 mean 
pointer displacement from 0° azimuth 
as a function of sound-source location 
for the IT, I, and T cue conditions for 


TABLE 1 


INTENSITY- DIFFERENCE 


AND ‘TIME-DIFFERENCE VALUES FOR Sounp-Source 


LOCATIONS FROM 0° ro 90? AZIMUTH 


Sound-Source Location in Degrees 


a | 30 | 45 | 60 | 75 | 90 
Intensity Diference (db) | 0.00 | 249 | 428 | $8) | 740 | 860 806 
lime Difference ( msec.) 000 33 00 ' 379 486 578 653 
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Fic. 3. Mean pointer displacement as a 
function of sound-source locations 0°-90° 


(averaged over left and right quadrants) for 
IT, I, and T cue conditions for auditory and 
cutaneous click localization. 


auditory and cutaneous localization 
is presented. As was the case in Exp. 
I for noise and tone stimuli, variation 
of intensity-difference cues with zero 
time difference (I) produced signifi- 
cantly less auditory displacement than 
when intensity differences and time 
differences varied together (IT), 
F (1, 105) = 109.09, P «.01. Thus, 
auditory localization of clicks was in- 
fluenced by both binaural time and 
intensity differences, 

When binaural time differences were 
varied and binaural intensities set at 
equal loudness, significant displace- 
ments from 0? azimuth were observed, 
F (1,105) = 440.39, 5 «.01. The 
displacement of the T curve, however, 
was significantly less than that of the 
I curve, F (1, 105) — 111.89, p < .01, 
Thus the intensity differences used in 
this experiment had a greater effect 
than did time differences, 

In Fig. 3 the comparable results for 
cutaneous localization are also pre- 
sented. Variation of intensity differ- 
ences with time differences at zero (1) 
produced significantly less displace- 
ment than the IT condition, F (1, 105) 
= 1019, 5 «01 The difference, 
although slight, might be interpreted 
as evidence that cutaneous localiza- 
tion of clicks depends, at least to a 

small extent, upon time-difference 
cues. When time differences were 
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varied between stimuli of equal sub- 
jective intensity (T), however, dis- 
placement from 0° azimuth failed to 
be statistically significant, / (1, 105) 

1.26, p: 2» .08. 

It is evident that cue utilization for 
auditory and cutaneous localization 
of clicks is quite different. Auditory 
localization depends on both binaural 
intensity differences and binaural 
time differences but cutaneous local- 
ization appears to be dependent, al- 
most completely if not entirely, upon 
intensity differences the 
fingertips, 


between 


The relationship between displace- 
ment of the pointer and time differ- 
ences of 0 to 6 msec. is presented in 
Vig. 4. In auditory localization the 
amount of displacement is a regular 
linear function of increasing binaural 
time differences up to a point some- 
where between .653 and 1.000 msec. 
with less rapid increases in displace- 
ment with further increases in the 
time difference. At values greater 
than 2 msec., double sound images: 


Auditory 


Ipsilateral 
Cutaneous 


MEAN DISPLACEMENT IM DEGREES 


pe a Bilatei 


Cutaneous 


Fig. 4, 
function of 
ipsilateral cutaneous 
conditions, 


Mean pointer displacement : e 
: : “rapi 
time difference for audit er 
, and bilateral cutane 
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one in cach ear, were reported, and 
this lack of fusion of the images 
prevented. precise localization. The 
lowest curve in Fig. 4 (Bilateral 
Cutaneous) represents the relation- 
ship between time differences in 
stimulation and cutaneous localization 
in Exp. [Ll lt was reported above 
that time differences corresponding 
to those normally encountered in hear- 
ing in a free field (0 to .653 msec.) 
have little effect on cutaneous local- 
ization. llowever, as time differences 
increased from 1 to 6 msec., there was 
a systematic increase in the amount 
of displacement. The ¥F ratios com- 
puted for the individual values re- 
vealed that only time differences as 
great as + msec., / (1,9) = 9.33, 
p < .05, significantly influenced cu- 
localization when corre- 
bilateral fingertips 


taneous 
sponding 
stimulated, 


were 


EXPERIMENT IT 

Of primary concern in Exp. Ill 
was the arrangement of conditions 
to demonstrate greater effectiveness 
of time-difference cues in cutaneous 
localization. If time differences in 
stimulation influence localization by 
producing neural inhibition, and more 
inhibition occurs when the stimulated 
areas are closely interconnected neu- 
rologically, then it might be expected 
that stimulation of the fingertips of 
the same hand (ipsilateral stimula- 
tion) would result in greater time- 
difference effects than stimulation of 
the index fingertips of the two hands 
(bilateral stimulation). 


Method 


Subjects —The four Ss who participated 
in Exp. IL were also used in Exp. lll. 

Apparatus.— The apparatus was identical 
to that used in Exp. Il. The only modifica- 
tion was to move the vibrators close enough 
together to stimulate the index and ring 
fingers of the left hand. 
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MEAN DISPLACEMENT IN DEGREES 


t 15 x “6 & 5 EJ 
SOUND SOURCE LOCATION IN DEGREES 


Fic. 5. Mean pointer displacement as a 
function of sound-source locations 0°-90° 
(averaged over left and right quadrants) 
for IT, I, and T cue conditions for ipsilateral- 
cutaneous click localization. 


Procedure.—As in Exp. II, the effects of 
IT, 1, and T cue conditions and the larger 
time-difference values of 1 to 6 msec. were 
observed within each experimental session. 
Two sessions were conducted on successive 
days. 


Results and Discussion 


Mean pointer displacement is plot- 
ted as a function of the location of 
the sound source for the three cue 
conditions (IT, I, and T) in Fig. 5. 
A significant shift in the direction of 
0? azimuth was observed when time 
differences were held constant at 
zero (1), F (1, 51) = 19.03, p< .01, in- 
dicating that time differences as small 
as or smaller than .653 msec. may 
aflect cutaneous localization. Con- 
sistent with this hnding was the 
significant amount of displacement 
produced by introducing these small 
time differences when intensity differ- 
ences were zero (T), F (1,51) = 11.27, 
p « 01. 

When clicks with larger time delays 
between the vibrators (1-6 msec.) 
were presented, increasing displace- 
ments were observed. As seen in 
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sr. 
A was produced by a 4-msec. time 
difference. At 6 msec., however, two 
successive sensations were reported 
and localization was impossible. It is 
clearly evident that time differences 
have greater effects in ipsilateral than 
in bilateral cutaneous stimulation. 
The cutaneous effect, however, is 
still considerably smaller than that 
observed for hearing. 


4, a maximum displacement of 


EXPERIMENT IV 


The results of Exp. J, II, and III 
seemed to indicate that time-differ- 
ence cues have considerably more 
influence on auditory than on cutane- 
ous localization. Experiment IV was 
an attempt to extend this finding be- 
yond the specific measurement tech- 
nique used in the previous three ex- 
periments. The difference threshold 
was measured to obtain the smallest 
time difference necessary to displace 
the auditory or cutaneous sensation 
from 0° azimuth. Intensity was 
always set to equal loudness and S's 
task was to indicate whether local- 
ization produced by a given time 
difference was to the left or the right 
of the position produced by a time 
difference of zero. 


Method. 


Subjectis.—' Three male students were em- 
ployed as Ss for Exp. IV. Since none of the 
Ss had had previous experience in auditory- 
or cutaneous-localization experiments, several 
sessions were devcted to preliminary training. 

A pparatus.—The apparatus used in Exp. 
Il and III was also used in the present 

V iment. 
epe ocedure.— Difference thresholds were 
measured for the ears, bilateral index finger- 
tips, ipsilateral fingertips, single index finger- 
tip, and the volar forearm. On the forearm 
the vibrators were placed 10-12 cm. apart 

d on the single index fingertips the vibrators 
an m. apart. Thresholds were obtained 
were r $ under each of the five conditions 
d sation. Auditory thresholds were 
o! 
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obtained test for the three Ss and the order 
of cutaneous conditions was determined for 
each S by a Latin-square design. The index- 
finger thresholds, however, were not included 
in the Latin square but were always measured 
last, as this portion of the experiment was 
an afterthought. 

Stimuli with varied time differences, favor- 
ing either the right or left channel, were 
delivered in a random order through ear- 
phones or vibrators, and S was required to 
indicate "left" or "right" when comparing 
the sensation to that produced by a standard 
stimulus with a zero time difference. The 
standard stimulus was presented before the 
presentation of each comparison stimulus. 
The number of time-difference values used 
(ranging from large delays to the left to large 
delays to the right) varied between 9 and 15. 
From each S were obtained 10 judgments for 
each time-difference value. 


Results and Discussion 


Difference thresholds were deter- 
mined by fitting normal curves to 
the functions relating probability of 
“right” responses to time differences. 
The distance along the time-difference 
scale between the 75% value and the 
PSE was measured to obtain the 
"right" threshold, and the “left 
threshold was likewise obtained by 
measuring the distance between the 
25% value and the PSE. The curve 
fitting was performed by transforming 
b values to s values, which were 
plotted as a function of time differ- 
ences, and a straight line was drawn 
through the points by inspection. 

As in Exp. Il and Ill, the ears 
(mean threshold .046 msec.) were 
more sensitive to time differences than 
were the bilateral fingertips (mean 
threshold 4.550 msec.) or ipsilateral 
fingertips (mean threshold 1.095 
msec.). Also in agreement with the 
results of Exp. I] and 111 is the finding 
that the ipsilateral-cutaneous thresh- 
olds were considerably smaller than 
the bilateral thresholds. When the 
vibrators were placed 10-12 cm. apart 
on the forearm the thresholds (mea? 
threshold .982 msec.) were slightly 
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smaller than when they were on the 
ipsilateral fingertips, but when they 
were placed 1 em. apart on the same 


index finger, cutaneous thresholds 
were found to be relatively small 
(mean threshold .229 msec.). The 


sensitivity of the ears and the single 
fingertip to time differences seemed 
to at least approach each other. 
These findings are consistent with 
those of Exp. I, I1, and III, indicating 
that time delays produce different 
effects for the ears and skin and that 
the magnitude of the cutaneous effects 
is highly dependent upon the spatial 
relationship between stimulated areas. 
It appears that the time-difference 
eflect is a function of neural inhibition 
and that the amount of inhibition 
produced by a given time difference 
is related to the degree of neural inter- 
action between stimulated areas. Bé- 
késy (1957), however, has reported 
time-difference effects to be the same 
for stimulation of the ears, thumb, 
finger, arm, leg, and chest, and even 
the bilateral fingertips (Békésy, 1958). 
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The published descriptions of Békés 
experiments afford no obvious ex- 
planation of the difference between 
his findings and those reported here. 
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The effect of interval between successive numbers (IBSN) and the 
interactions among IBSN, doublet, and doublet location in a serial list 
were investigated. In one experiment, 48 Ss learned a verha] 556 
under 1 of 2 IBSN conditions. In another experiment, 160 Ss were 
divided into a large and small IBSN condition for each of 4 diautiliit: 
location conditions, 
method. ‘The e: 
serial list increas 


The lists were learned by the serial-antic ipation 
eriments demonstrated that rate of ac quisition of à 
as IBSN decreases. Further, the doublet, in general, 
acts as an anchoring point in serial-anticipation learning and the 
effectiveness of this anchoring doublet increases as the difficulty of the 
series in which it is located increases, 


Using a free-responding number 
task, Jenkins and Sheffield (1946) 
found that, with the exception of a 
number succeeding itself, the proba- 
bility of a particular number response 
increases with its ordinal proximity 
to the previous number response, 
These data strongly suggest that a 
list composed with an interval be- 
tween successive numbers (IBSN) 
that is small (e.g., 6-5-7) and in which 
no number succeeds itself would be 
learned more rapidly than a com- 
parable list composed with large 
IBSN (e.g., 2-9-4). This hypothesis 
is supported by the results of other 
research establishing the nonrandom 
response tendencies of Ss (e.g., Smith, 
1949; Underwood & Schulz, 1960). 

In addition, serial-position pattern 
effects (e.g., Ernst, Hoffeld, Seiden- 
stein, & Brogden, 1960; Ernst, 
‘Thompson, & Brodgen, 1962; Nami- 
kas, Thompson, & Brogden, 1960) 
should vary as a function of the IBSN 
characteristics of the list in which the 
pattern appears. For example, the 
effect of the doublet (two successive 
identical responses) in a serial-antici- 
pation task consists of a reduction in 
errors at the doublet locations and is 
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maximal at those positions which are 
most difficult for S to learn (Ernst et 
al, 1962). |f, owing to their unique- 
ness, the doublet positions act as 
anchor points in a series, it is reason- 
able to assume greater. effectiveness 
for these anchor points as the series 
becomes more difficult, |n. number 
lists, difficulty should vary with 
variations in IBSN characteristics. 
Therefore, the doublet effect should 
vary as a function of the IBSN char- 
acteristics of the list in which the 
doublet appears. 

Two experiments were conducted 
to test the hypotheses stated in the 
previous paragraphs. ‘The first ex 
periment investigated rate of acquisi- 
tion of a verbal maze as a function of 
IBSN. The second extended the 
IBSN results to the scrial-anticipation 
Procedure and, in addition, investi- 
gated the interactions among IBSN, 
doublet, and doublet location. 


EXPERIMENT | 
Method 


Subjects. —Vifty-two 


undergraduate stu- 
dents enrolled in introdu 


ctory psychology at 


Ms niversity of Wyoming served as SS: 
isum discarded for exceeding the 1-hr- 
ime li 


mit and one was discarded because of 
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procedural error. All Ss were naive with 
respect to the experimental task. 

Experimental design.— simple random- 
ized design with 48 Ss divided into large and 
small IBSN groups was used. The Ss were 
assigned at random to one of these two groups. 
Each S was required to learn a 16-unit, eight- 
choice. verbal maze using the correction 
procedure. The eight choices were the 
numbers 10, 20, 30, 40, 50, 60, 70, and 80. 
[he mazes were constructed so that each 
choice occurred twice and so that there were 
no repetitive patterns in the mazes. Four 
different mazes were used in each group as a 
control for other possible sequence effects. 
Six Ss within each group were randomly as 
signed to each subm The range of IBSN 
in the large IBSN set was between 30 and 60 
(e.g, 10-70-30-60-20) with the median IBSN 
being 40. The range of IBSN in the small 
IBSN set was between 10 and 40 (e.g., 70-50- 
10-30-40) with the median IBSN being 20. 

Procedure.—Kach S was given slightly 
modified. instructions from Thompson, Voss, 
and Brogden (1957). The only modifications 
of these instructions were the substitution of 
the word "correct" for the word “forward,” 
and the addition of the four extra numbers 
used in this experiment. After questions were 
answered, the learning session was begun. 
Acquisition. trials were continued until S 
reached the criterion of one errorless trial. 
The Ss not reaching criterion within 1 hr. 
were discarded. The intertrial interval was 
held at 30 sec. Time for each trial and each 
response at each serial position for each trial 
were recorded for each S. 


Results 

Separate analyses of variance were 
performed on the total-time, total- 
trials, and total-errors data. These 
analyses found the IBSN variable to 
be significant for the total-time meas- 
ure, F (1, 46) = 10.47, p < .01. The 
means for this measure were 920 sec. 
and 1451 sec. for the small and large 
IBSN conditions, respectively. No 
other source of variation reached 
significance in these analyses. The 
differences in the total-trials and 
total-errors measures were in the 
expected direction. but were not 


significant. 


~r 


Discussion 


The hypothesis that IBSN would be 
an effective variable was confirmed only 
for the total-time measure. Since the 
serial-anticipation procedure typically 
employs automatic pacing in which time 
and trials measures are identical, it was 
not clear whether IBSN would be an 
effective variable when using a paced 
serial-anticipation task. The second ex- 
periment was designed to answer that 
question and, at the same time, to investi- 
gate interactions among IBSN, doublet, 
and doublet location. 


EXPERIMENT I] °? 
Method 


Subjects.--One hundred and seventy-one 
students enrolled in introductory psychology 
at the University of Wyoming served as Ss. 
Eleven Ss were discarded during the course 
of the experiment. Of the 11 discards, 4 were 
due to equipment failure, 3 to procedural error, 
and 4 did not complete the task. All Ss were 
naive with respect to the experimental task. 

Experimental design.—An orthogonal de- 
sign with 160 Ss divided into a large and small 
IBSN condition for each of four doublet- 
location conditions (locations in each of the 
first, middle, and last thirds of the list plus 
a control list with no doublet) was used. The 
Ss were assigned randomly within replication 
to one of the eight groups. Each S was re- 
quired to learn a 16-unit, eight-choice list 
using a paced serial-anticipation procedure. 
Four large and four small IBSN control (no 
doublet) lists were constructed in the same 
manner and using the same alternatives as 
the lists in Exp. 1. The experimental lists 
were constructed, under the same restrictions, 
by inserting a doublet into the control lists 
with as few other alterations as possible. 
‘The doublet was inserted at Positions 3 and 4, 
8 and 9, and 13 and 14 for the first, second, 
and third doublet locations, respectively. 
Five Ss within each of the eight groups were 
randomly assigned to each of the four sub- 
lists. The range of IBSN in the large IBSN 
set was between 20 and 70 with the median 
IBSN being 40. The range of IBSN in the 
small IBSN set was between 10 and 40 with 
the median being 20. 


? The author wishes to express his ap- 
Preciation to Burton Routman for his 
assistance in the collection and analysis of the 
data for this experiment. 
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Procedure.— The instructions of Ernst et 
al. (1962) were modified slightly to make 
them appropriate to this experiment and were 
given by E to each S. After questions were 
Answer the appropriate list was presented 
to S with a Dunning animatic stripfilm 
projector. Each stimulus was presented t 
2 sec. and all were presented successively unti 
the end of the list was reached. The intertrial 
interval was 30 sec. The viewing distance 
was approximately 3 ft. and the stimuli were 
1} in. high on a white background. Acquisi- 
tion trials were continued until S reached the 
criterion of one errorless trial. The Ss not 
reaching criterion within 1 hr. were discarded. 
Each response for each position in the list was 
recorded for each trial. 


Results 

Analyses of variance were per- 
formed on the total errors by serial- 
position and total-trials data, 

The IBSN effect was significant for 
total trials anova, F (1,152) = 7.40, 
p < .01. The means for the small 
and large IBSN conditions were 14.7 
and 18.0 trials, respectively. No 
other source of variation reached 
significance in this anova. 

IBSN, serial position, Serial Posi- 
tion X IBSN, Serial Position X Doub- 
let Location, and Serial Position 
X Doublet Location X IBSN were all 
significant beyond the .001 level in the 
Total Errors X Serial-Position anal- 
ysis. No other source of variation 
reached significance in this anova. 

The significant IBSN effect shows 
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that total errors to criterion are a 
function of the IBSN characteristics 
of the list. The means for the IBSN 
main effect were 84.7 and 118.6 total 
errors for the small and large IBSN 
conditions, respectively, : 

The significance of the serial-posi- 
tion term demonstrates the expected 
bowed serial-position error curve. 

Inspection of the serial-position 
error curves for the large and small 
IBSN conditions indicated that no 
meaningful interpretation could be 
given to the significant Serial l'osition 
X IBSN interaction. 

In order to evaluate adequately the 
interaction effects involving the doub- 
let, the total-errors data were sub- 
jected to an experimental minus 


control (E — C) transformation of 
the type employed by Ernst et al. 
(1960). Separate E — C transforma- 


tions were performed for the small and 
large IBSN conditions on the total 
errors at each doublet position and the 
two adjacent positions, These data 
were then analyzed to evaluate the 
effect of the doublet relative to the 
corresponding control positions as a 
function of doublet location and IBSN 
characteristics of the list. . 

Doublet location, serial position of 
the doublet (SPD), SPD x Doublet 
location, and SPD x Doublet Loca- 
tion X IBSN were all significant be- 


TABLE 1 


SUMMARIZED RESULTS oF 
TRANSFORMED (E-C) 


THE DUNCAN RANGE Test PERFORME 
TOTAL Errors FOR THE DOUBLET 


D ON THE MEANS OF THE 


AND ADJACENT POSITIONS 
Condition L3 | s2 | L2 s3 | & | bi 
= = | C: - - 
Mean —5.10 | =3.85 | -3.31 | -27 | -—u55 —.40 
EE n 


Note.—Means underli 
lined by 


respectively. 


d by ite sme line do not ier significant 
ne line do differ significantly from one another, 

` a e a respectively. The numbers 1, 2, and 3 stand for the first 
IBSN con The means are for each of the three doublet locations in the lar; 


tly from one 


ge and small IBSN conditions. 


another. Means not under 
and S stand for the large and smal 
+ Second, and third doublet locations. 
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the .001 level in 
anova, In addition, the SPD X 
IBSN interaction was significant at 
beyond the .01 level and the Doublet 
Location X IBSN interaction was 
significant at bevond the .05 level. 
No other source of variation reached 
significance in this analysis. 

The significance of the doublet- 
location term demonstrates that the 
difference between errors in control 
and experimental groups made at the 
doublet and adjacent positions varies 
as a function of the location of the 
doublet. The mean E — C total 
errors were —.97, —3.58, and — 3.94 
for the first, second, and third doublet 
locations, respectively. A Duncan 
range test (Duncan, 1955) performed 
on these means showed that the mean 
E — C total errors at the first doublet 
location ditfered significantly from the 
corresponding errors at the second and 
third doublet locations. ‘The mean 
I; — C errors at the latter locations 
did not differ significantly from one 
another. 

The significant Doublet Location 
x IBSN interaction demonstrates 
that the effect of doublet location 
varies as a function of IBSN. A 
Duncan range test was performed on 
the appropriate E — C total-error 
means. The results of this test are 
summarized in Table 1. These results 
demonstrate that the doublet effect 
becomes greater from the first to the 
third doublet location in the large 
IBSN condition. On the other hand, 
the maximal effect for the small IBSN 
condition is found at the second 
doublet location with the second and 
third doublet locations not differing 
significantly from one another. 

The significance of the SPD term, 
the IBSN X SPD interaction, and the 
SPD Xx Doublet Location interaction 
demonstrate the overall effect of the 


doublet and that this effect varies 


vond 


AND PATTERN 


the È -= C 


IN VERBAL LEARNING 629 
with IBSN and location within the 
list. These effects are presented 


graphically on the left-hand side of 
Fig. 1. The doublet effect tends to be 
greater for the large IBSN condition 
and maximal effects occur at the 
second and third doublet locations. 

Finally, the significant triple inter- 
action of SPD X Doublet Location 
X IBSN demonstrated that serial- 
position fluctuations as a function of 
doublet location are different for the 
large and small IBSN conditions. 
The serial-position data by IBSN 
condition for the first, second, and 
third doublet locations are presented 
on the right-hand side of Fig. 1. For 
the first doublet location, a greater 
reduction in errors at the doublet 
positions is found for the small IBSN 
condition than is found for the large 
IBSN condition. The reverse is true 
for the second and third doublet 
locations. 


Discussion 


The hypotheses which the experiment 
was designed to test were confirmed in 
part. A list with a small IBSN is learned 
more rapidly in terms of both total trials 
and total errors than is a list with large 
IBSN. From the work of other Es (e.g., 
Jenkins & Sheffield, 1946), it follows that 
this may be attributed to previously 
learned number habits which lead to an 
increase in the probability of a correct 
response as the ordinal proximity of that 
response to the previously correct re- 
sponse increases. 

In accord with previous investigations 
(e.g., Ernst et al., 1962), the effect of the 
doublet in serial-anticipation learning 
was found to be a reduction in errors at 
the doublet and adjacent positions. The 
maximum reduction in errors is found at 
the second position within the doublet. 
This effect undoubtedly can be attributed 
to the uniqueness of the doublet in the 
series of numbers. 

The change in the doublet effect as a 
function of location within the list and 
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DOUBLET 
rig. 4. The curves on the left represent, 

blet effect as a function of IBSN condition 
dou bl The curves on the right show the e 
cep ME first, second, and third doublet | 
iit pron (The zero base line represents 
re : 


list positions.) 


the overall doublet effect, 
ct as a function of doublet 

as a function of IBSN condi- 
ocations in the top, middle, and bottom figures 
the mean tota] errors at the comparable control- 
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IBSN condition may be ascribed to the 
increasing effectiveness of the pattern. 
Any unique positions within a serial list 
(e.g., the first and last positions) serve 
as anchoring points and produce a re- 
duction in the number of errors made at 
those and adjacent positions. It is 
reasonable to assume that the effective- 
ness of any anchoring point increases as 
the difficulty of the items surrounding it 
inc : For example, a centrally 
located anchoring point would be of 
negligible value in a series which could 
be learned in 1 or 2 trials, but such an 
anchoring point would be of great value 
in a series requiring 20 or 30 trials for 
acquisition. The results of this study 
strongly support this hypothesis. The 
effect of the doublet increases with the 
difficulty of the list in which it is con- 
tained and with the difficulty of the 
portion of the list in which it is located. 
However, an exception exists for the first 
doublet location, where a greater reduc- 
tion in errors is found for the smaller 
IBSN condition. This reversal is prob- 
ably a result of the different. doublet 
effects found for the discovery and 
acquisition phases of learning (Ernst et 
al., 1962). An increase in errors relative 
to the control occurs at the second 
position within the doublet during the 
discovery phase. This effect can be 
attributed to previously learned number 
habits (Thompson et al., 1957). During 
the acquisition phase, however, the 
doublet effect is reversed. This reversal 
can be attributed to the uniqueness of 
the doublet in the serial list (Thompson, 
1962). Hence, for any procedure in 
which the duration of the discovery 
phase is relatively long (e.g., the verbal 
maze), the overall effect of the doublet 
is an increase in errors at the second 
position within the doublet. On the 
other hand, this effect is reversed for any 
procedure with a relatively short dis- 
covery-phase duration (e.g., serial antici- 
pation). The contradictory results in 
this study occurred at Positions 3 and 4, 
which are rapidly learned. For these 
positions, the duration of the discovery 
phase, relative to the duration of the 
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acquisition phase, is probably longer for 
the larger IBSN condition. A reversal 
of the doublet effect as a function of 
IBSN condition might consequently be 
expected. However, it is clear that addi- 
tional research is necessary to establish 
the relationships among IBSN character- 
istics, discovery-phase duration, and the 
effect of the doublet. 

To summarize, the results of this study 
demonstrate that, in general, the doublet 
acts as an anchoring point in a list 
learned by the serial-anticipation method 
and the effectiveness of this anchoring 
doublet increases with the difficulty of 
the series in which it is located. 
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7 ‘CE FOR A POSITIVE EVALUATIVE RESPONS 
dep CONCEPT LEARNING 
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A comparison was made between 26 Ss learnit 
concept and 31 Ss learning à negative concept. 
oped by selectively reinforcing respon 
preliminary tests as desirable or unc l 
attitude change was determined by reversi 


ment for 54 further traits. 


scorers. 
evaluativ 


ing evaluative concepts. 


A concept attitude has been defined 
as a concept with an evaluative 
dimension, such as good or bad 
(Rhine, 1958). This approach, which 
has been used by DiVesta (1961), 
Rhine (1960), Rhine and Silun (1958), 
and Walker (1962), makes available 
the laboratory techniques of concept 
formation for studying attitudes. 

Two implicit assumptions are made 
in using concept-formation techniques 
for studying concept attitudes. First, 
it is assumed either that Ss start 
from a position of neutrality toward 
the group about which a concept at- 
titude is being developed or that 
related dispositions can be identified 
and controlled. Second, laboratory 
findings on Concept attitudes are 
assumed applicable to natural atti- 
tudes. If Ss start from a neutral 
point, comparison of a group learning 
positive with one learning negative 
concept attitudes should Produce dif- 
ferences neither on concept-attitude 
development nor on resistance to 
change. If a concept attitude is a 
reasonable analog of natural attitudes, 
then it would be expected that the 

cognitive rigidity characteristic of Ss 
with authoritarian attitudes (eg. 


Scores were 
attitudes predictive of cognitive rig 
more readily learned and more resistant to ch 
to change was also found for Ss high in 
The results were interpreted 

concepts are applicable to the under 


tudes, despite difficulties in establishing 


lg a positive evaluative 

Concepts were devel- 
ses to 50 trait words judged in 
lesirable. Resistance to concept- 
g the pattern of reinforce- 
also obtained on authoritarian 
idity. 


The positive concept was 
ange. Greater resistance 
authoritarianism than for low 
as indicating that studies of 
standing of natural atti- 
a neutral base line for develop- 


Rokeach, 1048: Rokeach, 1960) would 
result in resistance to concept-atti- 
tude change. 


METHOD 


Subjects and materials, — Fifty-seven college 
sophomores participated in the experiment. 
Concept-attitude development, strength, and 
change were determined from responses to 
descriptive traits printed on 4 X 6 in. cards. 
The traits were selected on the basis of 
preliminary tests with a different group of 
100 Ss who rated the traits with 90%% or 
greater frequency as either desirable or un- 
desirable. Items from the Fascist, Anti- 
Semitic, and Ethnocentric attitude scales of 
the Authoritarian Personality (Adorno, Fren- 
kel-Brunswick, Levinson, & Sanford, 1950) 


were administered as a measure of a natural- 
attitude cluster, 


Procedure, —As 


in previous studies of 
Coseept attitudes (e.g., Rhine and Silun, 
1958), Concept attitudes were developed by 
instructing Ss to predict whether traits shown 
one at a time are characteristic or not char- 
acteristic of an unnamed fictional group of 


People. Positive concept-attitude was 
developed in 


after each of 
that the trait 
and 


For a second 
Ss, a negative concept 
veloped by E responding 
to negatively rated traits 
teristic” to positive traits- 


attitude was dev 
“characteristic” 
and “not charac 
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For concept-attitude development, 25 positive 
and 25 negative traits were presented to- 
gether in random sequence. Immediately 
following presentation of these 50 traits, 
concept-attitude strength w neasured by 
obtaining responses to 25 different, ran- 
domly sequenced traits with E no longer 
responding. Concept-attitude change was 
then induced by presenting 54 further traits 
in random order, but with £ responding in a 
manner opposite from that of the develop- 
ment session. 


All traits were presented in one session. 
Items from the Fascist, Anti-Semitic, and 
Ethnocentric scales, consisting respectively 
of 14, 16, and 20 items selected for their 
relatively high discriminability, were ad- 
ministered together in a separate session. 
These 50 items are referred to as the FASE 
scale, The three subscales are positively 
intercorrelated (Adorno et al, 1950). The 
total FASE scale, which provides better 
reliability than a smaller subscale, was used 
as an index of a natural attitudinal complex. 
The FASE scale was taken by 23 Ss from the 
positive-development group and 29 Ss from 
the negative group. 


For both development and change, 
an S's score is the sum of his correct 
predictions of £’s responses. The 
strength score is the sum of responses 
that are consistent with the concept- 
attitude dimension, positive or nega- 
tive, that was stressed in the develop- 
ment session. 

The primary measure upon which 
the results are based is S’s change 
score minus his development score. 
If Ss are disposed to respond posi- 
tively, scores on positive concept- 
attitude development should be higher 
than scores on negative development. 
The Ss should also tend to resist 
change from a positive to a negative 
concept attitude and should switch 
readily from negative to positive. 
Consequently, the difference between 
Ss’ development and change scores 
will be more sensitive to a positive 
disposition than either of these scores 
alone because this difference takes 


TABLE 1 
MEANS, SDs, AND f's FOR MEASURES OF 
POSITIVE AND NEGATIVE 
CoNCEPT ATTITUDES 


Group 


Concept-Attitude Kk 
Measure | Positive Negative 

| Develop-| Develop- 

| ment ment 


Development | . 


Strength 


Change whe i 
153| 8S1 
Change Minus | A | —4.46| 3.81 |8.35*** 
3.97 | 3.56 | 
| 


Development SD | 


***p <.001, 


into account both effects at once. 
Similarly, a negative disposition 
should also be detected by the dif- 
ference between development and 
change scores. A trend in neither 
direction should produce difference 
scores which are the same for groups 
learning either a positive or a nega- 
tive concept attitude. 

Means and SDs for the concept- 
attitude measures are presented in 
Table 1 for the positive- and negative- 
development groups. Also shown 
are the results of / tests comparing 
the positive and negative groups on 
each concept-attitude score. The 
means suggest that positive develop- 
ment is slightly greater than negative 
and is a little more difficult to over- 
come. The combined effects of the 
development and change sessions is 
reflected in the difference scores, for 
which the means are significantly 
different beyond the .001 level. The 
strength means, which are almost 
identical, help emphasize this result, 
since they show that both groups 
reach the same level before the 
change session begins. 

The FASE scores were split into 
two sets consisting of 16 cases from 
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the high end of the distribution and 
16 from the low end. These scores 
were used to test for differences on 
the concept-attitude measures asso- 
ciated with a natural-attitude cluster. 
'The 16 high scorers were made up of 
the 8 highest FASE scorers from the 
positive-development group and the 
8 highest from the negative group, 
and the 16 lows were similarly se- 
lected. r 

Each of the three subscales of the 
FASE scale were scored so they could 
vary from one (disagree) to seven 
(agree) with four as the midpoint 
(neither agree nor disagree), The 
total FASE score was found by adding 
the individual score of each S on the 
three subscales; thus, the FASE 
score could vary between 3 and ZL, 
The eight high scores of the positive- 
development group ranged from 11.09 
to 15.41; the highs from the negative 
group ranged from 10.57 to 14.48; 
the positive lows from 4.48 to 8.82; 
and the negative lows from 5.13 to 
7.78. 

The means and SDs of the con- 
cept-attitude measures for the high 
and low FASE groups are shown in 
Table 2. Also shown are l's for the 
difference between the FASE groups, 


TABLE 2 


MEANS, SDs, AND l's ComparinG Hien 
vs. Low FASE Scorers ox Concept- 
ATTITUDE MEASURES 


FASE Score 
Concept-Attitude | 
Measure —— t 
Low | High 
svblopima t M 38.31) 22 
Developmen x | a 2 
strength Mi) 22.75| 22.31) 35 
iilis | 2? | 3| xe 
ee M | 43.94] 32.06) 3.17% 
Change | SD| 688| 1304 
s i M 6.19| —6 
Change Minus | 4. 19|—6 
Development | SD | 8.74 | 5. 


rep «0l. 


RAMON J. 


RHINE 


In both the change and difference 
scores, the high and low FASE groups 
differ beyond the .01 level: The more 
authoritarian the person's orienta- 
tion, the more he resists changing 
his concept attitude. The method of 
selecting high and low FASE scores, 
by neutralizing the tendency toward a 
positive response, makes the develop- 
ment means in Table 2 closer to each 
other than those in Table 1, where 
the difference of 4.04 falls statistically 
between the 10 and .05 levels. “I he 
strength Table 2, as in 
Table 1, are identical. FASE is 
significantly related neither to the 
learning measure (concept-attitude 
development) nor the leveling mens- 
ure (concept-attitude strength). lhis 
indicates that the difference in re- 
sistance to change is not due a 8 
difference between high and low FASE 
scorers in the ability to form concepts: 

Individual analysis of the I, AS, 
and E subscales produce results 
approximating those shown in je 
2. All differences between highs anc 
lows are in the same direction "a 
those in Table 2, and none of the 
differences for strength and develop- 
ment reaches the .05 level. For the 
change and difference scores, the 
for the E scale are significant beyon® 
the .01 level, /'s for the F scale p" 
significant beyond .05, but the /* 


t » ,02 
for the A-S scale do not reach the -l 
level. 


scores of 


DISCUSSION 

The data of Table 1 indicate 
college sophomores from a state | cely 
versity are biased to respond pes 
toward an unknown group of m 
The Strength scores suggest that are 
negative and positive dimensions fore 
both learned to the same degree a er 
Concept.attitude change begins. ii 
theless, the trend in the change Bes 
Is for S's with the positive con 
attitude to resist change more than uai 


that 
uni- 


— eoa 
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having originally developed a negative 
concept attitude. The quite signiti- 
cant difference between positive- and 
negative-development groups on change 
minus development indicates a non- 
specific, evaluative disposition which 
determines in part the course of concept- 
attitude development and change. Iden- 
tification of this effect makes possible 
its control when testing hypotheses about 
attitudes using evaluative concepts. 
Experience with natural attitudes and 
studies of rigidity and dogmatism lead 
to the expectation that authoritarian Ss 
will be more resistant to concept-attitude 
change than less authoritarian Ss. This 
expectation is confirmed by the signifi- 
rant difference between the scores of 
high- and low-authoritarian Ss in resist- 
ance to concept-attitude change. Since 
a prediction based on studies of natural 
attitudes is confirmed, the results of the 
FASE test lend support to the view that 
laboratory concept attitudes are a rea- 
sonable analog of real attitudes. Also 
supported is the commonly made as- 
sumption that the relationship between 
measures of authoritarianism and rigidity 
in perceptual and problem-solving tasks 
applies also in the realm of attitudes. 
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